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CURRECltYBt

Currency unit - 1 (plmu levy), abbrev. Lv
US$1 - 21 avenge 1992

US$1 = 23.2 - 23.5. Lv. esL avempg 1992

ME AND EOUIVALENT

k (kllo) 10 ILevy (Watt econd) = Jouloe (J)
M (1y) = 10 J = 0.239cm!
G(giga) -10' kol - 3.9688BTU
T(tema) = 1012 kWb = 3.8MI
A = Aem TOE = 10.2 cGal
v = Volt TCE = 7.0 0cam
W =Watt Mete(m) - 3.28 fet
J = Joule Kilomter (k) - 0.6214 mile
eam = caloie Kilogram (kg) = 2.2 pounds
TOE = ton of oil equivalent Metric ton (t) = 2,205 pounds
TCB = ton of coal equivaet
BTU = British thermal unit
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COE Co i of Energy
COM Council of iniste
COMGEO Committee of Geolo and Miner Resources
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BiRD Eu Bank for R s n and Developmeat
ESS Energy Strategy Study (Report 10143 Bul)
FCMA Forner Council of Mutual Economic As (CMEA) Block
POD Fuel Gas D df
PSU Former Soviet Union
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IRA Energy Acy
IPS In d Power System (of CMEA)
MOP Miisty of Finne
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SAR Staff Appmisd Repot
UCPTE Union for the Coornation of Production and Transport of Electricity

(West Eurpean Gid)
UDF Union of Democratic Forces
USAID US Agency for Intmetiond Delopment
USTDA US Trade and Develop_me Agency
WANO Wodd Asoi tion of Nucear Opeto
WASP Wien Automed System Planning Model
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POW-ER DE5MAND AND SLUM DE=lN

At the request of the Group of the Sn Indusized counties (G-7) and wih the
agr_emm of the Government of Bugaria, a joint Elnerg Agec QEA) - World Bank
mission rsited Bulgadria from Novmber 7 to 20, 1992 to prepar a study which would msem power
sector stages and ficig i in order to emure the reliable supply of electricity if or
when nuclear fkacilides are scud for modifications or shutdown for saety reasm. 'he mission
consisted of: A. Kocic (Mission Leader); J. Mooe (Economist); L. Mltov (World Bank Resident
Mission); G. Kadatur and S. Virmani (Consitants from the World Bank); J. Piersor ([EA team
leader); and A. Wheeler (Consutant from the IEA). The report was wrken by A. Kocic ad J. Moose
at the World Bank in close cooperation with 1. Pierson at the MEA and with conibuons fiom other
team members.

Mr. L. Radulov, at that dme Presdent of the Committee of Energy (COB), prvided
overall support and guidae while Mr. Dianko Dobwev, Chairm of the Mangi Board of NEK,
manged the coordinaion of work by NEK. Th management and staff of COE, NEK, Bnegoproekt,
the Committee for Peaceful Uses of Atomic Energy, and EQE-International, actively paicipated in the
work of the mission.

The first draft of the study was prepaed in March 1993. based on the findings of the
mission. The draft was dicussed with the Bulgaria authorities in March/April 1993. Following these
discussions, the study was revised.

The data on costs for saofty upgrades at tie nuclear unis used in th report were
provided by NEK with the assistance of otie consultants. They differ somewhat from the nuclear
safety cost data used In the Summary Report psented to th G-7, which were provided later by EBRD.
The differences, however, are not large and do not affect the overl conclusions.

This document has a resictod distbution .ad may be used by recipients only in the performance
of their offcia duties. Its contents may not otherwise be disclosed without World Dank guthorization.
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Po-WDMN AND SUPPLY OE=)

Ush 1992 0-7 summit in Munich requesd the Wodd Bank, with the t oe
hlomadod 1Energy Agency (lEA), to produce a study of alternive ene surces to replac the less
sf nucloar plants (VVER 440 model 230s, RBMKs) In Eastern Euro: e and the firme Soviet Union.
This study b specifically of the atative ergy sources in Bulgar, whih has 4 VVER 440 model
230 nucear unit (uni 1-4), at Its Kozody nula plat with 1760 MW of go gent caacity.
Tleb unit repnt about 1S% of Bugriaas g capacity, but typically 20-25% of generation,
sinc they ae b load units. Kozloduy alo has 2 VVER 1000 nudea uni (uni S and 6), each with
1000 MW of geneating capacity representing an additional 17% of capacity.

This repot ams that any nuciear power unak which condties to operat over an
extended period, undertk ma or W ivesme to upgade nuclr saft. The report then ass
alt tivo detricity supply option and their associated costs if Bulgaria we tD shut dow some or all
of its nuclear power iits under various acceleated meles stead of underking thes major nuclear
safety upgrades. The feasibility of ealy cosure of ths nudea plant b dendt on th abffity of
Bulgra tW: (1) obta reliable and econDomic energy supplies (most o which wud be Impoted) to metd
fhti _ demand (2) finance internally or obtain extera financing for te investments in nuclear saety
and non-nucea generating units which would be required; and (3) manage the shon lead tm requird
for iestment selection, financing aragement, design and constuction. t is also dependent on the
countrys willingness to pay the costs ivolved in nuclear sfety upgrades and replacement of nuclear
power by alatives.

Six nuclear electicity supply scenaios, scenarios 0 to 5, were developed by tie Bulgaian
Govenment for adysis purpoes. lhe scenarios range from shutting down all nuclear units incuding
the VVER 1000s Immiately (sio 0) tO nning all unit to the and of their design lives after safety
upgradng (sceao 5). The other scnarios, 14, are In between and invole vaous closu dates for
the 4 VVER 440s rging from closing all 4 of these units I ditely, but coning to rtn the
VVER 100s to the nd of ther design lives after safety upgrades (sc io 1), to closiog units 1 and 2
in 1998 and saowing udts 3 and 4, as well as the VVER 1000s to contie operat to the end of their
design lives after safety upgrades (scenarIo 4). Also, three electricity demand foreasts for the period
1993 to 2010 (minmum, medium and maxim) were agreed between the Bugariwn Govenet, the
Bank and the IMA. e medium foes is generally used by the Bulgarian Govrnent for its planning
puroe while the minmum or low forecast, which assumes considerable demand sde management, is
based prmariy on work done by the Bank The maximum or high case was agreed upon as an upper
limit The six nuclear supply scenaios coubined with the tee demand forecasts create 18 possible
cas, for each of which a least cost electricity supply plan was developed.

The main conclusios fom the analysis are: (1) it does not appear to be eoonomically
feasible to close the VVER 1000 units at Koloduy (the safer unis) ough these shoid underg ay
upgradin, (2) the least cost electricity supply option for Bulgaria is to run all of the nuclear units to he
end of their design lives after safety upgrading; (3) it would be tecdnically feaible for Bulgada to teplace
som or arl of the VVER 440s (the less safe unit) with alteative electricity supplies and ene sving
mueasm-s by the mid to late 1990s; (4) there are several relatively low cost eletricity sly alternives
in Bulgada the most important of which is probably use of highly efficient gs-fired combined cycle
generatin uni espcay in existing dis'rlct heatng ad industrial generting plants; nd (5) the
addion cost of replacig fthe VVER 4408 is about 3-20% of totd electricity supply costNs, dedng
primaury an how many of them are cosed and when they are dlosed. he Bulgaian Govemnt has
expre canaern t the least cost atentives to nuclear power analyzed above rety too much on
decicy gened f*om Impoted naul gas and they bave reo e tht a lmitbe placed on the
use of naul gs for th puposes of th anysis. If tis is done, the Co of replaI nula power
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A. BA u4

1.01 The 1992 0-7 Munich meeting communique suggeed me es related to the safey of
te nuclear power pla'-s In the couies of te fomr Soviet Union and Centul and Eatern E pe.
The G-7 commique suggesd td te scope jbr replacing less safe (Wdclear) plaws by dwe
devlopm of aleratve energV souc and the more ufknt use of energy shud be sied, and
logedwr wih the honetre rnaal organ oms, In ptiar tdie lE4, the World Ban* should

prepare Oe requird enerv sdes, inluding rplcen sowres of ener and the cost hnptladow!.
Ths study has, throe, been preaed by the World Bank In coopeton with the EA, the Govement
of Bugria and the National Electric Company (NEK) la response to the G-7 request

B. beS

1.02 &M. This study consders possible snados dfveloped by the Governme of Bugaria
nd NEK for the Kozoduy nuclear plant In combiaton with three forecasts of electicity demand agreed
to for the puposes of the study by the Bank, the IEA, the Govenment of Bulgaria and NEK. For each
scearo, most of which Involve redremeat of one or more of the nuclear reactors at Kozloduy, and
demad forecast, the tdy esmates the least cost altnative supply of elecricity. 
provde indeeden ludjeme nt to the saet levels of the nuclea units and dosntmke sf

1.03 Demm. Electricity consum in Bulgaria is very hig relative to the size of Its
economy. Elecci tensity in 1990, for example was about 2.1 kWhldollar of GNP and rse In 1991.
MThe OECD average is 0.371 kWh/USD of GNP). Ihis differen reflects stucual and efficiency
diffeences and is a result of.

- ener itnive Industries;
- energ inefficient process;
- electricity use for heain,
- relatively large use of electiciy compaed to other energy sources.

There is, bowever, great pote for eding electricity intes s of GNP which declines in all tho
demand forecasts discussed below.

1.04 Electricity demand grew 11.5% per year from 1950 to 1988, with domesdc demand
peakng at 49.2 TWh in ta year. Doetc demand fell slightly in 1989 and then dropped by 5.7% in
1990, 10.7% In 1991 and about 7.3% in 1992. Peak demand also fell from 8,332 MW in 1989 to 7,489
MW In 1991 and about 7100 MW in 1992. Looking ahead, a umber of forecst of Bularin electricity
consumption over the next 10 to 15 yearse available. All forecasts assume that industri restructurng
contues and, therefo, the intity of eleicity consumption dclines. The forecasts vary depndn
primary on the sumpdons thy mako about: (a) the speed at which industrial restrcurng occurs;
(b) the extent of the impact of restucuri on the intensity of elecricity consumption by industry;
(c) GDP growth; (d) the extet of conseWation/demand side management; and (e) th extent, if any, to
which houseold shift towards uig gas for home heating rather than electricity. For the purposes of
this stdy, threeorecasts agreed wit NEK and the Governmnt (mximum, mediu and minmum) wre
used. The medium forecast is used by the Bulgarian Government for Is planning purpos, while the
low forecast Is similar to that used by the Bank in its 1 Stey Stdy (Renrt 10143). These
forecasts cover the likely range of possible resut with two possible exceptions, involving increased
coneions of houseolds to gas fired space heating and enhanced demand side management, which are
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dicussed in paragraphs 3.07 to 3.15 beow. 'Me tr foreasts are shown in the Figr beow, and al
aume that the econmy staes btwen 1993 and 1995 and thea begins a dow reovery. Teo
firecasts Include not only estima of decricity consmpton, but alsottes of peak demand for
power.

Cbart 1.1

BULGARIA DEMAND FORECAST
an ~~~~Poww %fstmm fttlon Study
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1.05 TN. high forecast assumes the highest economic growth and the leas adjustment by
industry to the anticipated higher prices of electricity. The two even are unlikely to occur together
and ths frecast b an upper limit. The low case fkrecast Is jt the reverse and assumes lower economic
gowth and more adjustment by industry. It also ssumes the maxim impact of demand sde
management considered to be economically and feasible. Finally, it assumes dtat 450,000
household convert from electric heating to natu gas aftr theyear 2000 while the high scenaio assumes
no conversions. Te medium forecast falin between the high and low forecasts and assmes no mjor
conveiors of households to gas, modeate economic growth and a more gradual adjustment by industry
to higher energy prices. The latter forcast is viewed as the base forecast for planning purposes, since
it is conservatve in the sense that demand is likely to be at that level or below.

1.06 CaDacitx. Bulgars total instlled geting capacity increased from 8,810 MW In 1980
to 12,074 MW in 1991, wIh almost all of the new capacity that was added to-the system being In the
form of nuclear. This simply reflects the continuation of the Goenmes policy of expanding nuclear
geneating capacity, which was adopted in the 1970s, as a means for offetting the constraints arisi
from the couy's limited wment of commcial eergy resources. Ihe first nucle reacto at
Kozloduy (unit 1), a Soviet designed and built VVER 440, modd 230, with a capacity of 440 MW was

In 1974. Over the net 16 years, another 3,320 MW were added to the plant at Kozloduy,
comprising 3x440 MW (VVER 440, model 230s, units 2-4) and 2x1000 MW (VVE-1000s, units 5-6).
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Mm last unit of 1000 MW, unit 6, wa brought on itrtx In 1991 and I In the process of bein
commlsskr-ud. As a result, the dswe of nucear in totl Installed capacty has more tham doubled, from
15% In 1980 to 31%S In 1991, while tha of tml and hydro has deined orrespondly: from 64%
to 53% for the former and f*om 2196 to 16% for the laUtter, respectvely. Detals relatng to the growth
in capacy ar ptesend in thetbl below.

Table 1.2
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~. . _.. _ .. .... . .. .

S 1 S .-. *.

.08. As Apf ithte BWgia auhrte, si nude scnro hwbe
coralidered, anld thlese ae given immdately below. Mosdy, the sc8enro iuvolve the dates at wbhiC
smne or ;d1 of thie WER 440s at Kozoduy (units 1 to 4) ar8 retired, since *ese units m conierda
"unaf" by most ae in their curm condition. EFa -.enario, therefore, inxvolves a different
availability of mmclear power. A system anayds was thncarried out withi the reqi-mn dw Uwe
demand for electricit and peakWng caiy should be met at te least cos given the avlabfity of
nuclear power shown for thiat parcdouar sceao. Ihe scenaio are:

Scenario O - AD1 six UnitS at KoAoduy ceas power produiction bmdiaely' no fiurther
miclear development.

Souenai I - iCozoduy units I tO 4 cease production immade1, Riozloduy units S and 6
condue production tD end of design life.

Scerio 2 - Kozloduy units I and 2 cease powver production immedhtely', unDs 3 and 4 cease
power producdon I/l/98, units S and 6 continue oeapion to end of desipl life.

Scenario 3 - Kozloduy unks I to 4 cems power production I/l198, uniL 5 and 6 colldml8
opaion tD end of design life.

*For pqwof wWb* immedid*isW aI. Momiiv rb f 1e aN_di 9%m ndidu
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Semaro 4 - Kozloduy units 1 and 2 cea power productIo 1/1198, uits 3 to 6 continue
operation to end of design lifb.

Senauio 5 - All six unt continue opeatio to end of desip lf. (2005 o units 1, 2006 for
unit 2, 2011 for unit 3 and 4 and about 2019 f&r units 5 and 6).

For the purp of compAig thi report with those prepared for other countries, scerio I will be take
as the "low nuclear" scenario, sceno 3 as the *moderate nuclear" scenario, and scenrio 4a5 the *hIgh
nuclear' sceaio. In all these scenios, w invesmet in u unclear uni would be considered.
However, an additonal scenario was considered at the request of the Bulgarian authorities and that was
ScnarIo 6 - All six units continue opeaion through to the end of their desig life, and additona
nuclear units would be considered as candidas for new plant. In fact, that turned out to be the sam
scenario as scenario 5, since new nuclear plants were not a least-cost solution.

1.08 In all the scearos. fntclew units we to continuo boeate for an extended period, the
=os of afet upgdes for thiose uni are included in th mg of suDplyin el=lgbi under that scenro

(This is not the current situaton where the required safety upgrades have not yet been undertaken.) The
cost of these safety upgrades has been provided by the Bulgarian authorities based on the work of outside
consultants and are shown in Table 5.1. Ihey rabge from an average of US$87 mfllion/year (1993
dollars) in scenario S to very little in sceIo 0, where the nuclear units cease production immediately.

1.09 Eighteen different cases were considered, consisting of one of the six nuclear supply
scenarios combined with one of the three demand forecasts. In ocder to meet demand for electricity in
each case, a mmber of altenve sources of electricity were considered with the least cost altenatve
chosen. These alternatives include: (a) rehabilitaion of exisig themal power plants (4730 MW), which
maily burn coal or lignite; (b) reabilitation/repoweaing of existing cogenating plants (distict heating
plants and industrial plants totalling about 1614 MW), which manlly burn imported ntural gas; and
(c) new plants including gas turbines, gas fired combined cycle plant, plant fired with imported cod
etec. Also, some consideration was given to two non-ectic altenatives: (1) replacing electricity, a
signlflc3nt part of which is used by consmes t produce heat, with natural gas for heating purposes;
and (2) replcing electricity with vaious demand side management tecnmiques, in addition those
already taken into acvount These non-electric alternatives are quite intriguing (see paras 3.07 to 3.15),
but insufficient inormation i currently avaiable in Bulgaria to be sure that they are economically or
Institutionally feasible.

1.10 The total system costs (fuel, orions, maintece, investments) of supplying electrity
at the lowest possible cost for the 18 cases have been estimated to the year 2010. Total system costs
clearly indicate three groups of scenarios: (a) group A (sceario 0), (b) group B (scemrios 1, 2 and 3),
and (c) group C (scenarios 4 and 5).

Group A - Scenario 0 (mmediate closure of al nuclear plants) is a substantially
more expensive solution than any other. I addition to tiat, the system
paramet giv In the main report indicated that this Is not a feasible
solution, since it would result in numerous prolonjged ouaes.

O B - Scenarios 1, 2 and 3 which assume Kozloduy units 1-4 cease generation
in 1993 to 1998 are very similar from the point of view of tota costs.
The difference between the lowest and highest values for different load
forecast i8 within S to 7%.
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GrouN a - Seeios 4 d 5 show pracUicay no difare ce sad e lower cost than
the scenarios In Group A or B.

1.11 TIhis analysi of the Bulgaran electricity system shows that aside from scenario 0, which
involves shuttig al 6 unis at Kozloduy and lS infeasible, the other five scenarios which Involve closing
unks 14 at vadous das or keeping al u running through the end of their design life are potentially
feasible though wih diffet costs. The longer units 1-4 are run, the lower are the total costs of
supplying electricity with scenario 5, which involves rmning all units to the end of their design life after
safety upgrades, being the lowest cost of all. In choosing between scenarios 1-5, the Bulgarian authorities
must primarly consider three factors: 1) nuclear safety; 2) costs (both local and foreign); and 3) the
availability of non-uclear fuehs moot of which are imported) especially natural gas for which there is
a single supplier. The choice buwervU ' enarios i largely a matter of trade offs. Increasing nuclear
safety above the levels which wou'A k. , alned by the assumed safety upgrades (see para 1.08) raises
costs and the risks involved in incaslub jependance on imported non-nuclear fuels.

1.12 Table 1.3 below provides detailed , 'lts for three scenarios with the medium (base case)
demand frecast. I shows in onstnt dollar terms the total cost of supplying electricity for scenario 1
or the low nuclear scenario under which units 1-4 cease production immediately; scenario 3 or the
moderate nuclear scenaio under which these units close in 1998; and scenario 4 the high nuclear scenario
underwhich units I and 2 close in 1998 and the other 4 unks continue to the end of their design lives.
Costs of unserved energy or outages or excluded since they are small and similar for all three scenarios.
The table shows that the high nuclear scenario is least cost; because the cost of fuel is substantially lower
tha in the other senaios, more than offsettig the cost of the nuclear safety upgrades which are
required for the nuclear unit. The low nuclear scenaro is the highest cost, because the increased cost
of fosil fuels and higher no-nuclear investments in this scenario more than offset the savings from
mkng lower inveents in nuclear safety upgrdes. However, the difference between the high nuclear
scenario and the low nuclear scario is awound 11% or US$100 million per year spread over the 18 year
time frme of the analysis.

Table 1.3: C of System' Electricity Suppy (1993-2010)
(EJS$ miillons, 1992 dollars)

ENu4mE EEQE E de-r

1.14 Tables 1.4 -1.6 beow proide summry i on on the reslts accordig to a format
which is stndard for all the G-7 country studies. These tables cover only the period 1993-2000 or 1995-
2000 rather than 1993-2010, which is the case for the other tables. Also, they show results only for the

g, low and moderate mnllear scenarios assuming the medium demand forecast.
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(USS Millo, Medium Demand Forecast)

F
IM puca, pow plt o*, io., bawmuaon an distrb nIud.

l.1S Table 1.4 above shows total Investment requirements for the electricity system 1993-2000
assuming the medium or base demand forecast. It Includes both nuclear safety upgrades and non-nulear
investme. 7he Inestments are very similar for all thre scenarios for thi time period since the hih
non-nuclear Investments in the modcrate and low nuclear scenarios are similar in siz to the higher
auclear safety upgrdes required for the high nuclear scenario. Table 1.S below provides a breabdown
of Investment by type of plant.

Table L5* TolvementR irements by 3Ty of Plant 1993--2000
(US$ Milon, Medium Demand Forecast, 1992 dollars)

1.16 Tablo 1.6 shows fssil fulel re _rmet n constant 199 dollars for the tbre scnro
wi th medium or base demand forecast. As would be expected fossil fulel requkee_ rise with
reduced uso of nucl fuel.

Table 1.6 s Afossi fuel AyFerequ irements ducnst 1 e dla f rio1
(US$ Million, Medium Demand Forecast, 1992 dollars)

Em ~~~~~AWf les

_EF::~ 
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1.17 The main concern of the Bulgarian Government with the above analysis is that on
avrag, the least cost alternative to nuclear power In Bulgaria is the use of s fired combined cyce
genrat units. lTese units are especially economic If exfing s fied genean capaciy in disict
beatg plats and Industrial plans can be converted to combined cycle, with a resultant large es
in efficincy and capacity. The Govement of Bulgaria was concerned thatti converon would Cs
ubstanti ly more ta mstated by the Bank and even more concerned about the reultant increase
liace of Dulgaria on mported gas. Currety, the country has only one gas supplier, Rssa, and the

pipeline has to caos three intervenig counries (aine, Moldovp and Romania) bfore getting to
Bugaria. As a reslt of this sitz tion, the supply of gas has become substntlly les reble witb
ctacks last wintr as a result of a dispute between Ulkine and Russia over transit fee. The Bulgana
Governent requested that the Ban analyze the cost of electricity supplies, if gas Imports for power and
district heating wer limited to 2 billion cubic meters per year (rughly current lovels) azd tho nw
additional gas fired geneating capacity is limited to 500 MW. This was done and is own In Table 1.7
below for the medium demand case and three scenarios. It increases the costs of supplylng power by
arund 348%, depending on the scenario and demand assumptions. Also, it wOuld change the pattn of
epeur by reqing higher totl outlays in the earlier years (for coafilignite fired units), but
somewhat lower fel costs in the longer term, since coal and lignite are assumed to be cheaper than
nural gas. Ibis limitation on gas usage may also not be relevant, If the crt actve wploration
prgram in Bgaria by international oil companies finds signifiamt quantities of gas.

Table 1.7: nsts of System's Electriity Suply with Limt on go M 1993-201Q
(US$ millions, 1992 dollars)

1.18 Ibis study repee an initia effrt to quantify the cost of replacing uclear power in
Bulgaria with altenative men sources and the more efficient use of energy. It Is based on al the
information avaiable at this time (April 1993). However, a number of studies are undeway whih wil
provide addtional iormaion and should enac the anlysis. Thes stdies include, but are not lmited
to: the studies of Bulgaras major thermal power plans and district heatng plants fnanced by USTDA;
the study of Bulgarias generation financed by the CEC; the Energy Efficiency sttdies fianced by
USD ndusty) and the Danis Goernment ouseholdsdistct heaing); and the nuclear upgrad
sudies financed by the CEC and USTDA.
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U. ESCRA.

A. Background

2.01 Energy Resources. Bulgaria's endowment of commercial energy resources is etrmely
poor. The very limited Initial reserves of oil and gas have declined steadily and are now esimated at
about 3 mfllion tonnes of oil equivalent, representing less than 3 month of the counrs peroleum
consumption. ITe hydropower potential is also limited as most of Bulgaria's rivers are small, except for
the Danube which, however, has a fairly small drop in altitude where it forms the country's norther
border with Romania. Largely because of this constraint, hydro capacity accounts for about 16% of the
country's total installed generating capacity and an even smaller percentage of generation. The reserves
of the presently active coal mining areas are estimated at about 2.6 billion tonnes, with ligite accounting
for abo-t 90% of these reserves and sub-bituminous and bituminous co for the remainig 10%. Mhe
latter are spread thinly across the country, which often rendersteir extracto.n uneconomic. As for the
lignite reserves, over 95% of these are located in the southeast of the country, at Marlz East, and are
sufficient to meet the requirements of the existing three minemouti power plants and the briquette
factory for another 75 years. Because of the moderately fffvorblen mining conditi, which are
characterized by an easily accessible terrain, a thick lignite seam and the absence of goundwer
problems, the reserves at Maritz East are likely to remain the country's principa economically
exploitable energy resource in the medium to long term. However, as the lignite is of poor quality
(heating vae of about 1,500 kcal/kg, a sulfur content of about 2%), and camnot be trnsported
economically over long distances, it would continue to be the main source of primawy energy for the
generation of electricity at pit-head power plants and for the production of steam for industies located
in the vicinity of the mines, as has been the case thus far.

B. Sector

2.02 The main sector operating organizations are the National Electric Company (NEK),
Neftochim, Petrol, Toplivo, the Maritza East Mines, Bulgargaz, the Sofia Energy Combine and the 0O
and Gas Exploration and Production Company. NEK is the state power company producing about 80%
of the electricity consumed in Bulgaria. Neftochim is the primay state refining company operatg the
large refinery at Burgas. Petrol is the monopoly petroleum product distributor and gasoline markating
organwi7on while Toplivo, which has activities outside the energy sector, markets coal, propane/buta
and briquettes to the household sector. The three Marta East Mine are the by the fa the largest and
most profitable coal mines in Bulgaria producing 75% of the oWntrs coal output from the large Marina
East deposit. Bulgargaz is the state gas transmission company while the Sofia Enr Combine is by far
the largest district heaing system in Bulgaria and supplies 75% of the populaion of Sofia wih heat.
Finally, the Oil and Gas Exploration and Production Company is the sole Bulgarian oil and gas producing
company, though it produces very little of either commodity. Some of the above opera8t orpnizao
report to ministries others report to Commites which in turn report directy to the Council of Mnists
(COM). There is no Ministry of Energy nor any central organization coordinating activities in the sector
or providing oversight for the sector as a whole.

2.03 Rather, there are severa different organizations responsible for diffent parts of th
sector. The Minity of Industry has responsibility for: (a) gas transmission (Bulgargaz); (b) refinig
(Neftochim, two very small refineries); (c) petroleum distribution and tansport fls markng (Petol);
and (d) marketing of household fuels (roplivo). The Committee of Energy (COE) has oversight and
policy responsibility for the electricity subsector, coal mining and district heating. It is entirely
independent of any ministry and reports direcdy to the COM. The Committee of Geology and Miea
Resources (COMGEO), which has policy and oversight resposibility for oil and gas exploration and
production and minerals exploration, is also independent and reports to the COM. The only organizato
which apears to be responsible for the sector as a whole is the so called "Commission to the Council
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of Minite on Energ and Raw Meial Supplis for the Couny 3. This is basically a standg
committe of the COM and s composed of rieesentves of various ministries and eer orgaiztions.
It has no staff and meets only as required for dealig with immediate crise. t is not designed to and
canno provide o toer policy, coordination or oversIg for the sctor.

2.04 ml reatio of a naton energy agency In Bulgaria has been proposed, which would
have responsibilty for the various negy sector organizations. The iia component of this proposed
acy woud be the staff of the COE. In addition, the units of the Ministry of Industry which deal with
energy issues would be icpoed nto the new ageacy. In the Energ Stateg Study (ESS)
(Report No. 10143), it was recommended that in addiion to these two components, COMGEO, and the
Commision on Prices be incoaed Into the new agency. Ile Commission on Prices (COP), a

ernmenta group charged with overseeing prices and reag energy monopolies, oudd then form
the basis for creating a utiliy regulory authority, which would be independen, but connced to this
energy agncy. ' energy agey would ba oversit responsibility for all energy seco orgaaions
whic were wnt yet privatizetd Howevr, these orgizatons would opera as commercial enies in the
emerging maket conomy with lrgely auonous boards of directors appointed by the government.
After privatization all ene sect organizations should be independent and pivate utilities woldd be

ated by the new regulatory autory.

2.05 Under the regime, which existed in Bulgaria unt the end of 1989, decision making was
centrae largely In Sofia. Top opating management was given limited authority and even less
incentive to Improve perfoman. Over the past two years, the top management of most energy sector
organizatin has been given ineased responsibiliy though this should be furher expanded. The
govenmt is in de process of developing perfmance contacts for upper level management, which
are very much needed, and should hp provide ncentives. In addiwn, however, within energy sector
uoganizations responsibilty and authorit has to be delegated downwards to a greater extent. Plant
managers must have authorit to t the actions needed for safety and the proper operation of their

plants. This process is underway, but still has some way to go.

C. Iddn of EN=

2.06 The er sector Is the only sector curredtiy where prices are generaly still controlled.
The degree of control, however, varies greatly wihin the sector. The prices of electricity, coal and heat
we set by the COM. The prices of petroleum products on the other hand are partially liberalized with
a ceiling price detmined by world product prices. Finally, natural gas prices in 1991 were set based
on the costs of Russian gas impor but this m ism was ge in early 1992 and they are now tied
to the price of heavy fuel oil.

2.07 EIlcit. The COM sets electricity, heat and coal prices based on a remdaons
from the Commission on Prices and COE. Ihe COM, however, is not bound to accept the
rdons of the Commission on Prices or COE and istead has fixed these prices, which are quite
policaly sensitive, based on a mxure of econmic and polical consderations. Nevertheless, the COM
has increased eleicity prices very sharply since July 1990, first in Febuary 1991 and again in June
1991, May 1992 and January 1993. As of Jamnay 1993, average IndustrW electricity prices were fifte
times the led in July 1990, while average household electricity prices were ten times their 1990 level
(see Table 2.1). While the COM fixes the average electricty pice, the Commission on Ptices and the
COE toger work on the structure of the tauiff used for electricity which wil produce the average
price. For industry a the p. tariffis used with ree dffn chage (ea, day, nigt) dding
onthe tme of day. For eholds a two pattariff is used for most households (day, night) with a
single ta, used for those households which do not have time of day met. The current average price
fr industa users is .79 IevJkWh (3.2 cents/kWh) and for households It is .40 lev/kWh (1.6 cents/kWh)
with a average price for all us of about .64 lev/kWh (2.5 censkWh).
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2.08 NEK's ime stateme and balanc seet are std somewhat distorted by the radial
chnges In prices and exchwge rates which have occurred. While the data do not exist to make aU of
the required cortons It is likely that the acta average cost of electricity at t'he beging of 1993 was
around 3.0 centsikWh and possibly higher. The average long run maga cost of electricity is probably
similar thougb somehat higher. lt should not be as high as in most market economies sice new capacity
may not be needed for some years. his means that electricity prices for both industry and households
are almost certnly below aveae long run marginal cost and should be increased. [Such an incre
is a requiement under the Bank's Eaergy Loan to Bulgaria, see the Staff Appraisl Report (SAR)1]. It
also means tha electricity prices for households ae much frither below average long run margin cost
and for this reason would need to be incteased more than the prices for industry.

2.09 Not only are curent deectic prices generally too low, but the curent tariff structur
creates a distordon. Prices for electicity supplied to industry should be generally I than prices for
households (rather than more as in Bulgaria), becuse it is generaly less expensive to supply industries.
There are a number of reasons for tbis which include: (a) significant economies of scale in supplying
large quantities of electricity to a single location which arise from the use of high voltage lines with lower
transmission losses; (b) an improved load factor; (c) lower coincidence with the system pea This
distortion in the Bulgaim tariff structure, created by pricing electicity to industry higher than to
households grew worse from 1990-1992, but the government is curreny tying to correct it.

2.10 D.gdc Heat, District heating plants supply about 22% of Bulgaria's household
consmpon of heat (mostly hot water), and about 58% of Bulgarian industries' heat requirements
(hot water and steam). These heating plants primarily produce steam and hot water, but some are also
CHP units, producing power. Some of the lagest ind plans which use the sm have heat meters
to measure what they receive but many of the smaller plants do not. Moreover, households do not have
heat meters and are billed for their heat on the basis of the cubic meters of space in their aparments or
houses. The price of district heat, which is set by the COM, has increased very sharply, but is still on
average far below cost.

2.11 AQ. The COM se a reference price for Bulgarian coal, based in part on
recommendations from the Commissin on Prices and COE. This reference price is for a good quality
coal with a heating value of 7000 kcalkg. Bulgarian coals, however, are of much poorer quality than
the reference coal and so their act prices are set relatve to the referenceooal by the COE, with the
agent of the Commisin on Prices. For example, the heating value of Bulgarian coals ranges from
1,200 kcal/kg. to 5,400 kcalkg, and so the prices of these Bulgarian coals have to be set relative to their
heating value as well as takdng Into account other factors such as moitumre, ash etc. Altogether there are
around 400 different prices for coal. Ihe prices of imported coals are not controlled except for the very
small amount sold on the retail maket, which have the same price control arrangements as for Bulgarian
produced coals. Coal reference prices were incased sharply in February and June of 1991 and
May 1992 (see Table 2.1). The current refence prices for Bulgarian coal are 606 LvlT (JS$1.0310J)
for sale to industry and 406 LvJr (US$0.691GJ) for sale to households. Industral companies are
expected to pay transport to their plants for the coal they use. The great bulk of Bulgarian coal is used
for power generation by NEK which pays the industri price. Nevertheless, this price is below the cost
of producing coal which on average in Bulgaria is cunly about US$1.80/GJ. However, this cost Is
raised shaply by the fairly large number of currently uneconomic mines which exist in the country. The
main minin complex in the country which produces about 75% of outp(by weight), Mart East, has
a cost of bout US$1.O/GJ. Thus, the industri price of coal, though low, is not as far below costs a
{t might fist appear.

2/Raport 11250.
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2.12 Peum. For the moe horta petoeum products, ceiling prices for fmn sales are
detemined montly based on a foimula dvised by the Commission on Pces. Ibis formua reltes local
Bulgaria retal poct pies to wodd market prices with a one month lag. The formula has built into
it esdmates of freight, ourance and the dollar/leva exchange rate and also provides for import duties and
ecie taxes. The frmula aso has a built in margn designed to cover distibut costs, selling cost
(if any) and provide a small profit Sellers ar still free to soil at less than the ceiling price established
by this formula, but since peoleum sales are still a st monopoly ther b no incentive to do so. The
prices produced by thb formula exceed cost Also, thes petroleum product prices, especily gsolne,
are relatively low by world s since the Bulgan excise tax is low. As gasoline servi staions
areprivadzed (under the govements eownomic reformprogram) and free imports of petroleum products
are allowed, price contro on petrolewm product should be removed. The present price control frmula
should be an Inerim step in the process of freeing petroleum product prices.

2.13 Natu . Nal gas pris in 1991 were not controlled directy by the government,
though they were subject to oversit by the Commission on Prices. Gas prices were set by Bulgargaz,
the state gas transmission company, and consited of the price that Bulgargaz paid the Russians for gas
plus a small margin to cover Bulgargaz's costs and the fee paid the Romaias for moving the Russian
gas across omaian teTory. However, thse gas prices epressed in leva caged drastically over the
course of 1991 due to: (a) the hndextion of Russian gas prices (which are denominat in dollars) to
world petoleum product prices, which flucuted umuualy widely as a result of the Gulf War; and
(b) changes in the leva dolla excage rate In part emerging from bilate tradig consideradons. As
a resiutoftheseflucuationungasprices thegovennmcntatthebeginningof 1992decidedto setthesales
price of natul gas by Bulgarga based on the price of heavy fuel oil on a heating value basis. Ihe price
of heavy fud oil in Bulgaria is itu dermined by the petroleum product pricing formula discussed
above. While it is _da be tht the Bugari authorities were concemed about the fluctuions
in the leva price of natural gas, nevertheless, the sales price in Bulgaria for this gas should be based on
its eo not a hypotheticarelation to heavy fue oil prices though the gas price resulting from the
formula is fairly close to the cost of gas.

Table 2.1

D.

2.14 Bulgaria has hlricaly followed a very energy intive developmay policy. Th
emphasis has beem on development of heay inuties with the energy for these ilUd118 Ine8lay
impoto at faorable prices from the Soviet LTutni. Ihis policy had three resuts whic iDxvased emurg
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Ienst. First, the shar of Industry in GDP In Bulgaia I hih tn In mo Western ounties and
industy ten to consume more eneg per unit of out ta other componen of GDP such as
services. Second, Bulgada has a higher share of energy Inesive Indu such as orgaic and
inorganic cheicals in tota industrial ouput. Third, the technology used in Bulgari industry X
generally much less energy dficient ta the techology now used in the West As a resul, the energy
intensiveness of Bulgaria's GNP (energy consumption per unit of GNP) is signcantly higher than for
a comparable market economy. Furthermore, the electricity intensiveness of Bulgaras GDP is rdeavely
much higher ta Its ener intesiveness (severa times the OECM average) because the country uses
electricity heavy, especially for heating.

2.15 As a result of Bulgaria's rgy Inensiv economy and very limit domestic energy
resources, most energy has to be impored. These enegy mpor consist of over 99% of theoil and gas
used by the economy, about 30% of the coal consumed on a heat value basis, 8% of the electriciy
and iOO% of the nuclear fud. Using the norma conventon which tre nuclear power as a domesc
energy resource no matter what the source of the nudear fuel, Bulgaria Imports about 66% of its energy
supplies (see Table 2.2). If, however, domescaly geraed nuclear power were to be cniered as
an Import because the fuel i imported then about 80% of the county's energy supplies are imported with
the remainig 20% being locally produced, from lignite and a limd amount of hydro capacity. Either
one of these figures is a high level of import dependency, especialy for an economy which is so energy
inensive. Most of these energy imports (8i-90%) a from the former Set Unio (FU prmiy
frm the Ukrain and ussian Republics. As a resut of this combination of energy intensity and import
dependence, Bulgara's energy Imports are a rdeaively large share of its total imports amountig to 23%
in 1990 (US$1.9 billion equivale), wih Inignifict exports of energy.

2.16 So far, the energy intensity of Bulgarian GDP does not appear to have decreased, with
energy conumpon and output falling at rougbly the same rate. However, this pan shod start to
change as the economic restructudngoccurs and as reladve energy prices conueto incrse. Reduction
of energy consumption and, therefore, of net energy imports is likely to be an importa component of
any improvement of Bulgarias balance of trade.

2.17 The paen of energy use in Bulgaria is significallty different from the West. lTe main
area of difference is in the direct use of gas. In most westrn industrW countries gas is used in industry,
in power generation and by households and the service sector. In Bulgaria, it is almost entirely used in
the industria sector and in power gsenerat inuding district headng plan (many of the latter being
combined heat and power (CHP) planos) with a negligible amount being used In serices and houseolds
(see Table 2.2). Furthermore, this lopsided pattern of usage wiUl not chge rapidly since Bulgaia lacks
a distribution nework for gas so that it cannot curently be supplied to most households and COMMec
establiments. Indirecty, of course, the houseld and service sectors use some gas since a small part
of the electricity they consume and most of the heat supplied by ditict hean plants, comes from gas.
Even taking this indirect use into accoun, however, the use of natura gas in Bulgaria is stil heavily
skewed towards the Indust sector.

2.18 Looking ahead, energy cosmpon is expected to dedine for the next two to three years
and then to increase slowly. The extent to which it declines and pace at which it recovers Oapends on
a number of factors, the most importat of which are: (a) gmwth of GDP?; (b) energy prices; (c) the
extent and speed of indust restuctuing (sift from heavy Industries towards serices etc.); and
(d) the speed at which energy efficient techoogies will be iroduced. However, almost ll forecast
call for energy demand to gwW more dowly than GDP and for a shif in the pattern of fuel use, from
coal towards greater use of nat gas and petroleum.
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m. ELECEM DEMAND

A. QOevw

3.01 Bulgaria has also followed a very energy and lecticity insive devdopment policy.
The emphasi has been on the development of heavy energylelectricity intensive Industies which used
dectricity inefficiendy and vally all houseolds in Bulgaria are attached to the naonal grid with
electricity widely used for heatiDng. This electrici intensive development process, with electricity usage
growing l.S% per yew from 1950 to 1988, was also encouraged by very low prices for elecicity
through out this period. As a mult of these fictors, the electricity intensity of Bulgari's GDP is que
high with Bulgaria using over five-times the electricity per unit of GDP of comparable market economies.

B. Recent Development

3.02 Table 3.1
shows the decline In Table 3.1: eeikT De agd S (TWb)
Bulgarian electricity.:::' &

consumption over the past __
sevea yeas. Gross
domestic cosmtOnf 4~ 4S
electricity (excluding4 
export but inluing all
losses) has dropped from an 1_ i 
all time pekof 49.2 TWhIi
in 1988 to 41.0 TWh In
1991 and i declid f2urthe
to about 38 TWhy 19.in 1M .t*Sg r
Tisb decline Is less, (niMt1kI6' 4* 
however, tha the decline in. .

GDP over this same tie e
period. For example, the 4
decline in electricity _s
consumption from 1988t This intoste.i hso A.91 is t
1991 is 16.7% while the ,.

decline in real GD)P over 1I~'0 
this same time period is''
22.4%. Using prelimnary -Rte~tenw~an *P 1.# : ~1 
estimates for 1992 .oa.. -#$*

electricity conumption and
GDP, the total decline in 
electricity consumption
rlative to 1988 would be hio ton
23% while the decline in
real GDP, agai relative to 492 41 *
1988, would be 28.4%.

3.03 Table 3.1 also shows the reasons why electricity consumption is no declinin as rapidly
as GDP. While industria consumption of electricit is generally dropping at the same rate as GDP, other
catgories of electricity conumption are not. In particular, household consumption of electicity has
actually risen since 1988. This increase in housebold consumption is primariy the result of more
househols using electrciy for heatng as the prices of petroleum products used for heating
(home heaftin oil,.rpn/uae have inceased. In addition, transission and distribtion losse,
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which ar countd as part of domestic consuMpon, have also Increasl lagely s a rest of the risig
thef of electricity. Finally, othe categories of electricity consumptio such as atet ligting, tanspot
and agrictutal uses have not declined very much.

C. EgeSlo MOI

3.04 A number
Of forecasts Of Bulgari i
electricy csmpdton over
the Bad (e to teyearswe aw h
avanmiiwe. AlD forecasts bmfo
assume that industrial ver ito tub th T he
rstructuing Tbe.locc, the e salz b nddt
intoesity of electricity i

clsompt icdns ofp ustr frpwey mgws M)

decline Th fthat outu of h eomi g a the last adj_t b
eryices and agricultue tic of ety Ih l

grow faserm than Industry. It 81s _ S ta 400 h *
The forecasts vary '.

depending primarily on the ast falls in 4* -' hig a l
assumptions they make j mds eOrd
abo i(a)he speed atwhichs.
industrial restructuring ~W~
occurs; (b)theextentof the 20"'5 ~ #1 4. 5~~ ~~'\Q
Impact of restructuring on '' 

the intensity of electricity _ 

conunitloby Industry; (C) .*.. * , .
GiDP Vowdi,; (d) electricity------- ----

consevatlnldeand side
mangemnt;and (e) the extent, if any, to which households shif towards using gas for home heating
rahe ta electricty. For the purposes of this study, thre forwcasts agreed with NEK and the COE

(maximum, medium and minimum) were used. The medium forecast is preferred by the Bulgrians for
planning purposes, while fth minimum forecast is very simiar to tha used by the Bank in the ESS. The
maximum forecas Is an upper bound. These forecasts cover the likely range of possible results wihb two
aeceptions which are discussed in paragraphs 3.07-3. 11 and 3.14-3. 15 below. The thre forecasts are
shown in Table 3.2 and all assme tha the economy stabfiie between 1993 and 1995 and then begis
a slow recovery. The forecast also include not only projections of electricity cnupinin TWh, but
als projectons of peak demand for power in megawatts (MW).

3.05 The high forecast assumes the highest economic growth and the least adjustment by
industy to the antIcipated higher prices of electricity. The low forecat is jugt the reversand assumes
lower econmic growth and more adjustommn by industry. It also asumes that 450,000 household
convert from electric heatin to natural gas after the year 2000 while the high forecast asumes no
conversions. The medium forecas falls in between the high and low forecast and assmes no major
conversions of households to gas, modest economic growth and a more gradual adjustmntW by industry
to higher energ prices.



D. Mnrmn

3.06 It is usefll to distnph between two diffent concept in load management (a) demand
management, and (b) supply ma. Demand management rs to techniques which Imac
directy on the neWy consumptio patterns of nihidua comers (e.g. direct control, voluntary
control, customer enery storage); upply reefes to the use of utldity-owmed faikies to
improve the man in wbich eleclric energ Is provided t the do conmer (e.g., utility store and
expanded Inerconnecton).

D.1: Demand Side ULMafgM

3.07 Demand redo. lhe low electricity demand forecast assumes rapid adjustmen by
industry, and to a lesser extent other sectors, to higher electricty prices; and a moderate demand side
management effort correponding to the limited Isituton capacity in this area and low eleccity cost.
An active government program over five to ten years might be able to reduce demand below the low
scenario thus supplemeng the impact of resucturi and higher prices. Some of this additional saving
would occur in the industrial sector but much of it would probably be in the household and communal
sectors (public buildings, shops).

3.08 in the indust sector enerW audits pefmed by consutants to USAID show short term
savin poteal for electricity, involving litdo or no capital investments, of about 12%. The longe term
savins potenta is estmated at around 35% which would, however, involve new capital investments,
though the latter would be highly eonomic. A puat of these potential savings will occur as
a result of industrial restructuring, but the savings could be somewhat accelerated by Governmnft
assistance.

3.09 The potenti for savins in the household and communad sector is even larger especially
with respect to heating. Data for 1988 reported by a Danish-Bulgarian study (Birch and Krogboe and
the Ministy of Construction Sept 1991) Indicates that the energy consumed per degree day per m3 for
Bgara, was about 237 kl, while fgu r the USand Swedea are 160 and 135 for the existig
housing stock and the averages for new tock are 100 and 65 respectively. Best available modern
technology gives around 35 kJ per me per degree day. Thus the poten for savings in space headtg
is very large.

3.10 Ihis same Danish/Bulgarian study also provided iormation about where some of the
potential savings are located, and rugh indo of the investments required and the paybacks
assuming electric heating. The three main areas identified as having the highest potential for savmg
electric heat were improved window seals, balcony retrofits and low emission venetian blinds. For
apartments, the payback period for these investments were from 1 to 4 years (assuming they heated with
electricity), energy savings (part of which would be electricity) would be around 3.3 TWh equivalent and
the total investment required was estimated at around US$200 million. All of the saving measures
suggested by the stdy cr pond csely to standard wet European practices. In addidon, Bulgafia
might move beyond standard wes Euopean energy saving technology by, for example adopting more
advanced technology such as the use of high efficiency (compact fuoresent) light bulbs. (These bulbs
would cut electricity consumption by around 50 GWh per million light bulbs in use and last about
10 times as long as a conventional bulbs at a cost estated at awound US$80WUS$85 million per million
light bulbs.)
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3.11 While the savigp poteOn In the household and commund sector is large as Icated
above, the acheveme of hse sa Is likely to be slowed by: (a) lck of awareness by houeholds
and buildin m of the potenti for deecity saving; (b) lack of proper maials for undetaking
consuvatlon mers (nsultion, window sealant); and (e) the scarcity and hgh cost of hnds for
undertakingsuch nv et l he goven needs to develop an active program to encourge energy
saing In ths seor. Elemets of such a progm might include: (i) an energ conseraion of fc to
coordinae and promote conevatin (the Energy Efficicy Agency is a major first step in tbhis
d n); (H) Iwoving bu codes; and (1il) programs to encoug scale energy and
elec¢iity conservatio Investmen such as having NEK make some such ivestment and include them
In Its rate base. Wbile the Impact on electricity demand of such a prgram cannot be esimated now, it
could be signficat and could reduce demand below the low forecast.

D.2 JunPI Side NWIUen

3.12 Aetlve a The demand for dectic power varies withe time of day,
th day of the week, the weather, and dte seasn. An illustrton of this variation In Bulgarian system
is shown In Figur 3.1 for weeks in July and December 1991. A nmber of methods existin for
modIfing these system load pattns to more closely match alectric energy use with supply, and these
methods fall under the general term load management, often these methods involve electricity storage.

Figure 3.1

BULGARIA - WEEKLY LOAD CURVE
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3.13 Some of the most tiwve supply- FIgur 3.2 Chaira pumped storage operation
side storage concepts, such as batteries and flywheels,
are technologically constraed. The major supply-
side storage device In comnercial operation is s. s t
pumped storage. Ihe facility normaily operates by
pumping water into the reservoir during periods of /Xb
reduced system load (e.g. nights and weekend), when
the Incremental cost of energy is low. During peak- /
load periods, water is released from the re-ervoir to
generate electricity, thus replacing energy of higher
incremental costs. However, pumped storage _

typically uses about 20-25% more energy than it
produces. Bulgaria has a major pumped storage scheme nearly completed at Cbaira, with 880 MW, and
a schematic presentation of this pumped storage plant operation is given in Figure 3.2.

D.3: Natural Gas

3.14 In addition to load management methods for reducing electrcity demand and changig
the load curve, a second option exists for reducing electricity demand and that is changes in the type of
energy used by final consumers. ITe major option would be a lare program to convert households from
heating with electricity to heatng with gas in addition to the 450,000 houseold conversions already
contained in the low demand forecast. Ihe electricity savings from convertng 550,000 additonal
households to gas by the year 2010 (bringing total conversions to 1 million households about the
maximum that is considered economically feasible and covering around 30% of the populion) are
estmated at aromund 1.6 TWh. Initial rough estimates are that such a conversion would cost about
US$500 per household or a total of about US$250 million. However, this number is uncertain and could
be much higher if major reconstuction of apartments for new pipes has to be undertaken. The major
benefit of this conversion would come not only from the reduction in electricity usage, but even more
from the reduction in peak demand. It is estimated that about 2500 MW of the current peak demand is
caused by household heating and that conversion of .5 million additional households to get heating might
reduce the peak by as much as 900 MW.

3.15 However, the Bulgarian Government is very unetain about the reliability of its gas
supply which comes entirely from Russia with the pipeline crossing Ukraine, Moldova and Romania
before k gets to Bulgaria. Given the turmoil in these countries, Bulgaria is not anxious to increase its
reliance on gas untl it has more than one supplier. Therefbre, while large scale gas conversions are an
intriguing option, this option needs considerable fiuer study in terms both of the cost and feasibility of
converting existing dwellings and also what could be done to reduce the risk associated with imported
gas supplies.
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IV. POWER== gY=

A. Jnwnductin

4.01 BulgarI'es total installed geeating capacity increased from 8,854 MW in 1980 tD
12,074 MW In 1991, with almost all of the now capawty tht was added to the sysm being In he fom
of nuclear. This simply reflects the cotin on of the Govment's policy of expanding nucloar
generatng capacity, whch was adopted in the 1970s, as means for offbeting the constraints aising from
the country's lifl.ed endowment of com cial eergy resources. lbo first nucla reactor (uil 1),
a Soviet desiged and built VVER 440, model 230, with a capacity of 440 MW was c s at
Kozloduy In 1974. Over the nex 16 years, another 3,320 MW were added to the plat at Kozloduy,
compriing 3x440 MW (VVER 440, model 230s, unit 24) and 2x1000 MW (VVR-1000s, units S-6).
The last unit of 1000 MW, unk 6, was brought on stream In 1991 and is In the proces of big
commissioned. As a reut, the hae of nuclea in total irsted cacit has more ta doubled, fm
159 in 1980 to 31% in 1991, while tha of therma and hydro has declined correpodingly: fom 64%
to 53% for the former and from 21 % to 16% for the latr, respecdvely. Details reating t theo wth
In capacity ar prented in the Tle 4.1 below.

.~~~ .v.t. MWE .*..'1-"I.**SION

4.02 Whie the raid powt In. I iigrW nula cIad an ain ve h u w

It f i mteetoteWouncapa I pc to At Ee A 

14.02ihlak n Whilet therapid gonidee sul snuclardI cpith y Wes d Over n tvrhe past mo ths,maot

tecbnical _cot has been provided for these unis, pdmrimy by thie CEC, in conjunction with thie
World Association of Nuclear Operator (WANO) and their operadons bave beea improved.
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4.03 h Issu Inolved In the safty of units 1-4 are diffict In the botsb un, d are
aeeded to mee peak winter dmad due to: (a) opaati al problems wit stig thal plants; (b) fd
shortas; (c) the low availabilt of unis S and 6; and (d) the high co and uncertain avablaity of
impons. i the medium term, with ncreased iabliy of power fom h thermal plan and unit 5
and 6, the need for th VVEt 440s woutd reaydimind . Howevr, thes uns ar on of the lowet
cost source of power, aside from hydropower, for th country and their rephcment by thma power
pla would Involve a significant econmc cost for the cousry. Nevertheless, the contind opraion
of the units in th medium term without maor upgrading of thek safy systems and phap eve with
it, would be unceptable to much of the in2te ommiy.

4.04 Chart 4.1 provides the detais Chart 4.1
relating to files used by the COE to genr
electicity in Bulgara in 1991. The orwoduy COE's Electricity Generation in 1991
nuclear pln provided about 37% of the In Percent by Fuel Type
electricity, domesdc lignie (mostly the Marda
East Complex), provided 33.7%, mported coa
(mosdy used at the Varna plant) provided 14.3%
and there were small amounts geneated by fuel Nu¶"t 3tn
oil, gas and by hydro plants acuti
cumlively for 14.6% of the total. Historically, A
very littlo gas has been used in power genatDon,
with gSu primarily reserved for industrial use.
Whil it would be advantageous, for D3W3. 2
environmental reasons, to expand gam usage in 1.64
power generation, COE and NUK are opposed at 
this time to a major expaion becas the
county hs only one sourc of supply, Rusia,
which Is not viewed as being very stable
(see para 3.15).

B. EP. fuW Resourceg for PowMraUan

B.1: Qa1

4.05 .eex Bulgars only major domestic er reure is low grade ligie. There
are also moderate reserves oi sub-bituminous coal, but the county is very poor in higher quality od
reserves. Ihe minable reserves (- t presently active coal mining areas are sted in Table 4.2 below.
While these reserves may be recoverable with present technology, a sificant portion probaby canmot
be recovered economically. I addition to the reserves listed below, thffere is a relatvely new dicve
of high quality hard col in the northeastern part of the country. However, those reserves occur at grat
depth (about 2,000 m) and are, thre, not economically recoverable.

Table 4.2: BulgiaE Coal Reserves

r .- -

L~~~~~~~~~~ a 

/ ..--..-.. a1"-
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4.06 -The reserves of the mjo typo of coal In actIve miing ara are briy descrbd beow:

* 3eznimb reses occur In two regions of te couy: in Ctal Btlgaa, n Stas
Zagora and in Wste Bulgari, Mainly West and South ofSofa Th centra Bulgria

saerves arom by the large, pepit minable depost of Mariza East, which
alone reeset 2.2 bUl tonmes, or 95% of all Bulgaian ligt rsrves. These
reserves are hig sulfur (2%) with a low beating value (1500 kcg and a sgnifcan
amount of these reserves are locaed under vllages and towns. At this stage it Is
uncetain whether ta pordon will ever be exploited. However, during at last the nex
twnty years, exploitation is wpet to woto under the presnt ravely fvorable
owditions, witout major resettlements. Near Mai East e the umch smaller
reserves of the Marbs undergound mines, which canot b exloited economically.
Iho lignite reseves of Wester Bulgari are about 70 million tomes, or only 3% of th
count's lignie reserves. A major porto of ths seves, however, may be
eoonomically recoverable.

* S = reserves oc in Westem Bulgaria, at Bobov lol, Pnik oand Pin,
and In Eastern Bulaia, North of Burgas. The Bobov Dol resees, at 160 milion
tonnes, are by far the largest, representing 75% of sub-biuminous coal reserves. The
Eobov Dol reeves are marginal but some of the seams cn probably be exploited
economically. Ihe other sub-bituminous reserves are very likely uneconomic.

0 BMm coal ureserves occur ouly in Cental Bu, North of Staa Zagoa
Reserves are lime to about 10 million tonnes. Probably none of tiese reserves can be
mined es.onomicy

3 A reserves occur only at a small deposit North of Sofia and ar limited to only
1 million tomes, which probably are not economically recoverable.

4.07 As is shown in Chart 4.1, about 47% of Bulgarias production of electricity comes from
coa d inite. Most of dis I from domestic lignitelcoal. There are two major power complexes t
use domestic coallgite. e are th Marza East Complex, co tg of tree power pl (Mitza
East , IL and M, wIh 2270 MW capaciy) and the Bobov Dol plant with 630 MW. Two power plans
use imported coal amely Varna (1260 MW) and Ruse (400 MW). The paragaphs below disass
coal/lignite supplies for these plants and the best means of in ing them and, therefre, electcity

4.08 Mw East. Cure production from the Marta East mies is about 23 mIllion tomes
of lignite per year, while the g tplants at Mritza Eat could use substatilly more tha the 18-19
million tomes they receive for electricity generation (part of the lnite is used for producing briquettes).
Producdon from the mines, as a fir stp, could be raised to 28 million tones per ye, the level of the
record year 1987. ITe required lncrease in producton could be aned frm the th exit larg
open pit mines at Madtza East by ening the annual average rnmint time of the exisfing equipme
by abou 20% and the average houly output by about 5%. hi could be acheved dthrough: () improved
organiion and mngement supported by tenia assnce; and i) the purchase of certain cica
pieces of import equipment and Increased availabity of spare pats.
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4.09 New mines at MzaEast and power plas bsd on thes min appear to be exduded
by economic coIsIderatIons. Gie the Ig rato of ovden to lHnte, die low caloic value of the
lie ad thehigh capital costs of a ne mine, k would not be possble for a now min to compet widh

poted cold. In addWon, a new lignefired powr plant would bave higher capital and operating costs
and lowr efficieny tm a new power plant burning Imotd highgade coal. Fina:ly, imported ca
woud be much preeable for envir omentoraso: additional sfir emissions would be much lower,
and there would be no additional lag sce use of land for open-pit mining.

4.10 gB ad. For the Bobov Dol plant, probably the best option s to achieve fWl
utilizon by utilizing less co foim the Bobov Dol undergund mines (most of which are uneconomic)
and more ligit from the surae mines near Sofia, as well as suiable Imported sub-bitumins coal,
such as coa from Indoneia. Wbfle tis option is sinficantly more expensive than fill utilizadon of the
Maritza Eat and Vaa power plants (see below), it appears still preerable to the construction of new
plant Significant nvestmbt for coal blending and posibly also mill and boiler adaptation may be
requird. ibb shoud be carefully checked. Some old mining equipme at the lignite mines near Sofia
woul also have to be renewed. Full utilization of the Bobov Dol Plant (equivalent to an output increas
of about 100 %) would require a d _ increase in coal availability. A blend of about 2 million
ons per yea of lignte from the surface mines near Sofia, 1.2 milion tomies from the Bobov Dot

underground mine, and 0.7 million tonms of highgre imported sub-biuminous cod coud be used
(each coa type woud conbute one thi, in tm of heat content, to the plants power genation).
While such s8Caio woud be compatble with otuc of exisig mines, boiler
desig may require differt bleing ratios (ess lignt, more imported coal). Also, there may be
constraints on Sofia basin lite production which would change the blend in the same direction.

4.11 Y!a. Condued opeation of the Varna power plant on the basis of imported coal is
almost cty higbly economic. Its Imiont also t in futu the coal sWply be diversified. The
single supply source historically (Dontk basin of Ukrane) is beoming nrely insecure, and its
futre cmgptives is highly doubtful. While Donetsk coal can be delivered by barge, future coal
supplies are likely to arive by medium size ship since many of the major alteive supply sources
(US, South Africa, Columbia, Austalia, Indonesia etc) are located at a considerable disance. The pier
xtension at the Varna planto acmmodate larger boats should, therefore, be completed with priority.

Also, any now coal bleing fiities and boilers at Varna should be adapted to use higher ratios of non-
anthracit coal (while atracite co can presenty be obtaned intenationally at low prices, there are
only a few suppliers).

4.12 RB n. Finally, for the Ruse coal fired power plant, i is probable tgat the analysis
curntly being undaken by a consulting group may indicate that i is not economically justfied to
reabilitate the plant. The plantws power generaion capacity in 1991 was Just 0.7 TWh (about 20%
utilization of Installed capacity). Coal spplies are uncertain, since the plan burns the same
anMtrate/low-volatilIty coal from the Donetsk basin as the Vama plant Ruse or another neuby site
may, however, be suitable for the constructon of a gas-fired combined cycle plant or a dual-fired plane
using both gas and imported coal. Delivery of the Imported coal would, however, be expensive given
the location of the plant on the Danube some dis;t from the coast and there are no likely sources of
domestic cod.

4.13 Further development of Bulgarian coal resourc appears not to be feasible, given the
problms coneced wih Mariza East ligite, the limited reserves of the lignite mines near Sofia, and
the unoomic geologic conditos of all other deposi. If additional power plant capacity i needed,
the best options would appear to be a new plant on the coast based on imported coal, or a new combined
ydce gas-fire pl
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Costs of Coal Supy to Power Plant

4.14 Over the next 20 ya, the lowest-ct ifd appears to be nt from de e IstIng mis
at Martza East, followed by ligite frm the SofaignIW mines, lmported coal for the Vaas plat, and
lastly, coal Imports for the Bobov Dol plant. A reduce amount of local co fom the Bobov Dol
undeground mines could possibly be produced at import parity cost, If the vestuctrig is Implemetd
successUIly lTables 4.3 and 4.).

Table 4.3: TypIci Seciflcations and Prices for IMorted Steam Coal

~~~~~~~~Now 
a/ W/ . 4 dl -Prassut .1- Fub.. 1

Heat
Typo Va AA Moist VaL 8 POD CIP CIP CIP

To Fom k=Vkg % % s % $At Sit Sl SGo
Vai South Afica A 5,90051 20 10g 10 Si 1.05S 19 SSW 64 C.11
Bobov
Dcl donia S 5,500 1 22 40 0.1 23 431 7.8 9.4W

at A - Antncixa, S - Sub4umus
hi kow betn vaue
a/ Volntiles

C/ iwnld/199 -
f/ In coastat 199 tewo, amine to be 10% higher thon 19M prim. (POD quotatios awe low Inomwuielon with cahw sarns

and as howt a are umisll low in 1992)

hi lauded in Vai Watb deo by all to Van plet, high a fgt due to dnz a boat (5,000 t)
it asn frightk and Va=n post coasu rduced by S USS/t (mldd*2 basis) due to lm~e boats unloaded at Vamn ITP plo az%Wmmo

to 30,000 t oapltd 1994
3/ IwAndatBuqinboaupto 50,000 t, tat_poftedbyuiltoDobovDa
Id all chae uofm Burg to Bobov Dol doubled Mm 4 to 8 USSt)

Table 4.4:WWf Crduoo oQf Selected BplgarS Coa Mies
Table 4.4:-pbul W

-u -C-ea-

Markmnas 1" 500 22.9 90 3.8 2.5 28.0 of 4.2d 4.2
Sofia Llgite Mu=se/ 1900 1.6 140 5.3 3.1 2.011 5.151f 6.2h1t
Dobov Dol 1900 1. 530 22.1 11.6 1.21 9.3 3/ 9.3

at colptt and cas based on euxtrpoato of fiat 9 umoth of IM9
*i about mt 20 yer, cow in consta 12

hitorical (1967) rord prduotion lovel, to be Saned by sr wimws and mLinr Ivesasm

dl combhats isu d by 67%, to covet the coats. of weuminS mnoraplsomast and nidrialas well as of ,ouftvdlo and

of courisiag the aCluurv, Sts~a*ud and Dell B Duo mi mine
O 20% goup Imas aammsd to be ahIeved by p 90i repaeme f od e 2.p2sat
51 cots Inmmrea-sed by 67%, to cover th oats of reourun miawnorrplacein and modearniraion av*Ual at of eouiatlm aid

Fllip 1ilfr usd le.d, assumd to3be1 eine cas a MarlzA
hi avea Ispt c9at of12 US2 to Bobo6 Doi W assumed

20% outt dcos asumd to be requld (af fi g m of w19 Section)
_/ 20% ut ca =dton saf rtruot aued (o on anboat portion of deposit)



- 24 -

4.15 For Marlta East lignite, de avea unit production cas will probably r to
6.3 US$Ie, or 4.2 USSCal in ithe hort-term. i wi be necessary to cover al reuring epens for
land usemde r --I.o most equipmen ludingfiudsforsomerehab lationwich
will rais, at low ot te producton lovd to about 28 million town per year. While ome minor
fiuther exansion of the exstg mines beyond 28 million tomes per year might be feasible, major
fdrter expnsio woud rqu addig additional major mining equipment to the existing mines or
building new min. While ths would be technically possible, given the nively high
overburdenlignite rado and the hig capital cost of the major equipment, the marginal cost of productm
for the extra output would be expected to be near or even above the costs of coal impots (about
8 US$/Gcal or 12 US$ per tono of lignite). This apprs, thaerfore, not to be an attractive alternatve.

4.16 For the ligis surfae mines near Sofiat average unit production costs wil probably rise
to 5.1 !JS$IGcal ex-mi or 6.2 USS/Gcal delivered at the Bobov Dol planL The inre wil be
required to pay for replacement of some old equipment and for improved land Treoamato. T
deliveries from the Sofia lignite mines to the Bobov Doi plant would then be as expensive as coa imports
to the Vana plant, but sfill signficanty ceper t coal imports to the Bobov Dol plot

4.17 For the Bobov Dol undeground mines, srious restructuring may lead to a future
production cost of 9.3 USS/Gcal, equivalent to the cost of Imported sub-biuminous coal for Bobov Dol.
Successfl restucing reques con rion on the best sectos of the depost, abadoment of
uneonomic sections, and govermet asstance for solving the soca problems of redundant mine labor.

B.2: NuR.eIPl

4.18 Nuclear fuel is prvided from the Russian Republic in the form of ready to use mbl
desined spically for the VVER reactor. Different designs are utlized in the 440 series as compared
to the 1000 serles. Each 440 series reactor has about 325 assemblies which are replaced on a 3-year
cycle (about 100-11 0 per year). Recent prices paid to lissia were about US$150,000 per assembly. The
1000 eaes reactors have 255 lr amblies which also follow a 3-year replacement cycle and reoe
costs are US$500,000 per asembly.

4.19 In a normal year, this repeants a ttal fuel cost of around US$150 million for the
quantities ued and this price is conitet with present uranium costs of US$60D80/kg. Overa quantity
requiemens are not significant In the present world market.

4.20 The assemblies are specificaly designed for the VVER reactors. It is very unlikdy that
an alteatve source of supply other than Rusia will be found for the 440 series. For the 1000 series,
discussions have been held with West European suppliers, but it is only likely that alternative sources will
prove practical if a sufficiently large market can be xund.

4.21 Consequently, It is probable that Russia will remain the sole supply source. The fuel is
contacted on a two-year lead time, and aTmgements are in hand for 1993 and 1994, altugh prices
need to be more clearly detemined. This arrangement is likely to condme for the foreseeable futr.

B.3: N

4.22 Bulgaria used S.67 bcm of gas in 1991 and demand is expected to remain flat (at 5.6>
5.7 bcm) in 1992. Of is total, aound 4.5 bcm is used by district heating plants, which are often CHP
plants, and by iustri co-generators. Based on electricity produced, about 1.0 bcm equivlent of this
4.5 bcm are used for geing eecticky. Curet prices paid fr Russian gas are adjusted every hee
months, usng abas price of US$90 per thousand cubic meters (tcm) indexed to the price of residua fuld
oil ,uh 1l suninhuw &nr*nt thA rniAt nf rmalAnfl ital nil with 3A.S nnlnhur eontet ant tn the twice
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of gas oil Based on tis fimula, the price for the fourtb quarte of 1992 Is Just sligbhdy above the base.
Over halfof t as is cuwr y not saly pid for, but Is obtned as debt reayment for the assitan

t Bulgaria prowided in the construction of the Yanbrg pipeline and as a transit fee for gas passing
through Bulgaia to Turkey. The remaning gas b paid for In a bartr arrngemenmt Gas s sold by
BulgarWg astrqulred bythe Govawmentat70% ofthepriceof3.5%sulfhr heavy fad ol on aheat
equivalen basi.

4.23 Cptions to buld new ges-&fed power plants are somewhat limited by the capacity of
existing pipelines. Now plant costuction may be feasible for a plant in the nrdtheas corner of the
county using an estmated maximum available pipeline capaciy in the Russian pipelin to Bulgarda of
1.5 bcmWyr. However, given the high efficiency of gas-fired combined cycle plas, this gas could
rodce of about 6.5 TWh of dectricity. Additona gas-fired capacity would requre either the
constnuvion of an additonal pipenthrough Roman (about 180km) or the use of avaWlable capaity
in the tanst pipine from Russia to Turey and Grewce. Contructon prospects fr a new pipeline
through Romania are not though to be very good, while curaenty available rnsit capacity, wvhich
repesensi about 50% of a tDota s capaciy of 10 bcn, i dependent on the growth of gas contraed
to be deliver to Greece and Turkey. As disgrows, the amount of transit capacity available to BuDgada
wi diminish. Under curret plans, ts availabe transit capacity would be gone in about 8-10 years.
it is, therefore, questionable whether the BDgarians shl rdy on it.

4.24 Bulgarisgas demand s win-peaking since a substail part of It i used for producing
hot wer for district heating sysms. Cument capacity of th line fom Rusia and draw down of soage
at the Chiren gs sorage fild i barey adequat to meet peak demand. t wiU probably be neesary
to ics the capacity of the Chim fidd to pvide peak gas and this woud be escay tue If a new
gas fid power plt wr bulk

4.25 Russia i currnly the sole source of gas for Bulgara which subtantily increases the
riksassodated with gas suppfies. Also, the pipeine route coes Ukraine, Nlokiva and Romala which
farther hIncses riks. In addiion, the long run pice of gas from Rusia and the quanties available
are uncertain (However, tee i a possibility dt the cunrrt actve exploation program in Bulgada
by ftkor oil compans wil find gas.) For the purposes of the analysis, it was assmed t gas
would be vabe at a ngrun pico of about US$4.00 per MMBTU on the BulgaianlRonlan border
(equivalt to about US$128 per dhousand cubic meters). Thds i consitent with the assumptions used
in calcuaIg the long run pre of Rusian gas supplied to the Ukrine.

C. C.1
C.l1: N{uclea Pw-w ]3Wams

4.26 n ho only nuclear phn in Bgaria Is owned by the Nationd Electric
Company (NEK) and i stuated at Xozloduy, about 220 km north of Sofia on the Danube river. R
compdres 4x440 MW and 2xlOOO MW units with a totl nstled capacity of 3,760 MW. Al unis are
pressudzed water reactors PR) utlizing sghdy endiched uranium as fuel and light wat as moderator
and cooloa. nhe four 440 MW unis-uIs 1,2,3 and 4--were ommissioned inthe years 1974,197S,
1980, and 1982 respecdtivy. Unit 5 (VV RM-1OO) was cmmisoned in December 1988. Unit 6 b
operting at parti output, but as of April 1993, i had not yet been allowed to attain fall power and it
had not be=D ol:ialy A

4.27 h pform nceof uns 1-4 over the past few yes has ben quie good: for examuple,
theeavage platload fcor for unlits 14 was 79.6% in 1987,76.0% in 1988, and 71.2% in 1989. MTe
perFixmmm of unit S over the qui lmited dme period in whih it has bee opeating has not been as
good, du largely tboitlX problems with te sm generatos. The Kozdoday plant I being used as a
baseload pla and has a good record of unplanned reor scrams (2-3 per ctor per year).
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4.28 The Kozloduy units I to 4 are of the early VVER-440lmodel 230 design, developed by
the Soviets in the 1960s and 1970s and lack safety feates such as contanent, which are considered
essenta In the west Along with other units of the same type,2 they have bee the focus of nnationd
concen during the past years. In addition, a number of managerial, training and matria problems exist
at these units. While the WER-1000 units do not hae the same desig deficencies as the VVER-440s
model 230s, they have an d control deficiencies, steam generator problems and suffer from
many of the same managerial, taining and material problems as the VVER-440 unis.

4.29 'Me COE had planned for a second nuclear power sie on the Danube at Belene,
consistg of two VVER-1000 uni in phase I and two additionat unt in phase 2. A considerable
amount of equipment was ordered and paid for which was to be used for unit I and some construction
at the site has taken place. However, in view of: 1) the drastic political changes which have occurred
in the c-untry, 2) safety concerns about nuclear power, and 3) the major economic changes which are
ongoing in the country and wiU result in lower electricity demand, the Government of Bulgaria decided
to stop construction of the Belene plant.

C.2: jEemal Power. Distr t and Industrial Cogaion Plants

4.30 Zetna Power Plants. The following is a list of thermal power plants, all of which are
owned and operated by the National Electric Company, NEK:

(a) M Ea 1. The pla has been in operation for years and has reached the end of its
usde life. The plant has four 50 MW units supplying steam to a near by briquette
fctory and two units of 150 MW plant which have been decmmi . Ihe fuel is
ligite from the adjacent mines. Me units in this power station are planned for
decommisioning during 1995-1997. For this sudy, t was assumed that this plant wil
be replaced by a new lignite-fired 400 MW condensing power pla which will commene
commercial operation by Jamny, 1999.

(b) East 2. Ihe plant has four 150 MW unit (units 14) which have been cownverted
to direct firng of lignte, three 210 MW (units 5-7) units and a 210 MW (unit 8) under
mcnuction. Ihe first four units have nearly completed half of their operating life and
are candidates for life etension. The first four units of 150 MW each are expected to
undergo life extension thwough rehabilitation during 1994-1998. The three unis of 210
MW each are relatively new and are operaing well. Another unit of 210 MW capacity
is to be completed w.th financing from EBRD and BIB. This unit and unit 7 which share
a common stack will be provided with flue gas desulfurboaton (POD).

(c) Mar}tza 3 has four units of 210 MW each and were installed during 1978 dhough
1981. The units are operating well and standard rehabilitation and monderniztinn of
istruments and contols are anticipated in the near future. Retrofitting of these units
with FOD is being considered. Ugnite supplied is similar to dtat supplied to Martza east
I and 2.

(d) Yana has 6 units of 210 MW, each insIled between 1968 and 1979. They are desiWed
to use Ukrainian anhracite coal with unis 4 to 6 desipged also to use natural gas.
Difficulty in supplying this coal is cag problems in theoperation of this plant. Units
1 to 3 are in poor technical condition. In this study, it is recommended that the first

2 In additin to te Kozloduy units 1.4, te foilowing units of te sane type are stff in operation: at
Dohunice, Czechoslovaska 2 unit; at Novovororn l Russia, 2 unts; and at Kola, Russia, 2 units. The
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he unt be rhilated to bum low sufur Iportd coa and the other thr units
undergo If extaesion through rehablitation and contn to use tie present imported
Ukrnia coal. Use of nal gas is not recommended for power production in these
units since it is subly more than coal on a heat basis and Varn cannot
take full advantage of the gas (see para 4.11).

(e) Bobo y Dot has th 200 MW uni, each om oned between 1973 and 1975. Bobov
Dol mines are depleted and terate swurces of fuel supply and utilization are being
euated. Boler detroron due to heavy dagging has been reported. These units are
scheduled for life eesion through rehabilitation during the years 1994 to 1996. The
boilers r modifications to accept blended coal or low sulfur Imported coal
(see pana 4.10).

(J) B lhas two units of 30 MW each, two units of 110 MW each and two units of 60 MW
each. The 30 MW Duns were rehabiliad and are planned to be decommissioned by
2000. Tbe curret technical condition of the 110 MW units is poor. The 60 MW units
are operating well. Ihe power plant uses anthracite coal imported from Ukraidne.
Availabity of this coal has been a big problem for Bulgaria. Studies are being
udertaken to convert the exist boflers to bun imported sub-bitumino coal. Some
of the units could be conerted to gas firing but it is not recoended. If continued use
of gas is considered, combined cycle repowerig may be technically and economically
justifiable. The rehabilitation of these units are scheduled during 1995-2000. The two
30 MW units are expc to be retired during the period 1998-2000. In this study, a
recommendation is made to convert and to extend the life of the two 60 MW and the two
110 MW units to burn low sulfur imported coal.

(g) Marita has two uis of 25 MW each, commissioned durig 1951-1955 and both have
reached the end of their usel lives. It also has one 120 MW unit, commissioned in
1971, which has severe boiler and tubine problems. This plant supplies steam to the
district heating system. Ihe 120 Mw unit has been derated to about 7580 MW. The
deraon is maiy due to bad fuel quaity. Lne fuel is supplied by Maitza West coal-
mine and contas excessive amouns of over burden, as well as being expensive to
produce. The plant is located in one of the most polluted are of Bulgaria Naur gas
is avaiable at the sie. Therefore, it may be economically feasible to insall a combined
cycle cogeneraton system consste with tha steam demand for >e dist heatig and
industri- ' systm. However, in this study an assumption is made to retre these units
and lost electricity capacity will be made up by a newly installed 400 MW plant in the
Maritza East 1 complex.

Distrct Headng Plants

4.31 There are several district heatng cogenration plants that produce electriciq as a
byproduct The plats supply hot water for heating the bufldings and process steam for local industries.
Ihere sveral other distict heatng plat that produce only hot water and/or process seam. Most
of the heat and electricity is produced by plants using natural gas as a fuel. The plant that use natura
gs as fuel oth ogenmatg and plas that produce only thermal energy) provide the potentia for
converting and/or repowering to efficient gas turbine cogeneration. Detailed feasibility studies and audits
of these plan are waanted to define economically fasible repowerin qopr es.

4.32 The m4jor cogeneratg district heat plants which could be converted to combined
cycle plan are in Sofia (Sofia, Traicho Kosov plants) Plovdiv, Pleven and Shumen and are deed
below. Also the Republika plat in Penik, which ues local coal is discussed.
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(a) Mm Sfia plant is ideal for converion to gs-fired combined cycle cogenton. There
are curetly fou peratwn unis at the plat, the rated at 2S MW each ad on ratd
at 50 MW. Units 4 and S are schedued to be retired durng 1994. Units 6 and are
recommended to be rehabilitated and rePowered during 199S and 1996 using gs
turbies. A prelimnay estimate for gas tutbine repowering of 6 r 1 8 res in a
Incs in nt electic geneat capct of about 280 MW based on urent opeaons.
The new net capacky for this pla ater the reirem of units 4 and S I about
345 MW. The curre estimate for repowered capacities were made consstenwith dt
current desg steam demands.

(b) e Traicho plant has five unis. Four units have turbine genators each rated
at 30 MW each and one rated at 66 MW. This plant uss natural gas as the primay fuel.
The four 30 MW turbines need rehabiiaton, especialy replaceme of HP cylinders.
Like the Sofia plant, this pln is an ideal candida for rehablitatio and repowering
with gas tubie combined cycle cogeneaon. Al the existing five units offer a potetal
for gas turbine combined cycle cogeneradon. The ema net capat increase is
about 73S MW. Ihe esdmated new net capacity for this plant is 870 MW.

(c) The lka plant is located In Pnk, a major ndusia town outside Sofiia Thi
plat until local low grade coal with high content of moistur, ash and sulfur. Thi
plant supplies heat to a population of about 100,000 and process steam to several
industries. Due to age, this plant iS curtly operang far below capacity. The curmr
Instaled and avaiable dectric grating cpactes are lSS MW and 75 MW
respectdvely. The plant has fve units of which unit 1 is redred and unit 2 is scheduled
to be redred in 1993. Units 3,4 and S are scheduled to be rehabilited during 1994 and
199S. Also a new 25 MW cogenration unit (most of the equpment on site) is scheduled
to be instlled in 199S.

(d) The Emdiv plant has two 30 MW units and a 25 MW unit which is partialy completed.
The fuel is heavy fuel oi but permits have been obtaied to convert to natral gas.
Becae of availability of ntura gs an eady lemeni of combined cycle
operation would be beneficial wih the result of increased electricity production at high
efficiencies. Unit 1 is scheduled to be retired in 2005. Strong recommendations are
made to repower units 2 and 3 during the years 1996 and 1998, respectively. The new
net repowered capacity is estimated to be about 260 MW.

(e) Pleven & Shumen. Currently, Pleven plant has three 12 MW instled units with
maximun geneating capacity of 8 MW for each unit. Similary, Shumen has three
6 MW units with maximum generatg capacity of about 4 MW each in both the plan,
laW quan of steam are sent to iustries after exp n trough back pressure
turbines. These plants use natural gas and oil for fuel. Both these plant offer a potent
for repowering. Ihe estimated new net capacities for Pleven and Shumen are about
295 MW and 160 MW resectivey.

4.33 The major industrid plant ha produce electricity in a cogeeraton mode are: the
petroleum and petrochemical prceing plant in Burgas, chemical plant in Dvna, a chemical plant In
Svishtov, a metallurgical plant in Kremikovsl, a petochemical plant in Pleven, a ires and fabric plant
in Vidin, a chemical plant in Vratsa and a fertilizer plant In Stara Zagora. In 1991, all these plant
combined with other smaler fiitdes generated about 3.S TWh. The reported total installed capacity
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for industry for the same year is 1040 MW. Ths resuls in an anual utza of 3400 hour for the
totl i led capacity.

4.34 lhe plants at Burgas, Devnia, Kremitvl and Stra Zagra use or hab an option to use
natura gas as the primary fuel. Therefor, theso pla candidates for ga tbine combined cycle
repowering. Preliminary o rm fepowering capacity were made by maching gas turbineheat
recovery seam generator outu to the rated Condition of es stem turbin. Gas turbine and waste
heat boiler capacities were determined by prorting the performance of a stndard ind gas tLubine.
Table 4.S shows preliminary estimaes for repowered capacities and costs for talasion.

4.35 As indicated above, the current analysis of district heating and unil cogeneraton
plants has indicated a potential to Increase the electricity generat capacity of Bulgaria through
repowering. The esfimatd maximum potena for Increase in total net capacity is aprximately
3900 MW, at an average uc heat rate of less than 1500 kcal/kWh. This edma cpacit is epcd
to be the maximm potenti and may not be realizable after a more detaied study is performed. Even
if, one intuitively assumes that half this capacity is feasible, then it would represent a s
percentage of the total generating capacity in Bulgaria. The avere esdmated cost for rqoweig is
US$375/kW. The fuel cost is estimated to be 2.4 centslkWh, based on US$4/million BTU. The capital
charge, based an 10% Interest and 2S year plant life and 6000 hours of opeaton each year, is eiated
to be .7 cents/kWh. The ttal cost for electricity production excuding opeatig (n fuel) ad
maintenancost is 3.1 cents/kWh which is very attractive to any country hat adopts free market
practices. The above estimates are very prelimiay and detiled andits of plan and feasbili tudies
ae required to establish real opportunities. In additon, these repowered plants are less polluing than
coal fired plants as they do not emit sufur dioxide and do not have solid waste disposal problems.

4.36 NEK and the COE are less opdmistic than the Bank about the potenti for repowerig
and rehabitating industrial and distict heating plans. They believe it will cost more, will be
Institutionally more diffiaclt (since these un are not part of NEK though power purchase arrangement
exist), tha the increased reliance on imported gas is undesirable. Thereore, in the anaysis descrbed
in Chapter S, alternative cases were run excluding this option.

C.3: wermlants

4.37 Backgrumn4. There are 1,970 MW of hydroelectric capacity In Bulgaria, making up
approximatly 18% of the NEs total hinstalled capacity. Altogether, there are 87 operating hydroplant,
however, the 11 largest plants have 77% of the capacity. The lagest sigle hydropower project is the
Behmeken-Sestimo-tair hydropower complex (Rilt complea) located In the Rila mona. t
curly has 735 MW of capacity split into three seprt plat (meken, Sestrimo, Momia Kisua)
and accouns for 37% of Bulgaras hydro capacity. The second big hydro power complex i the so
called Vatcha or Rhodope complex located in the Rhodope Mouans with fourperting power plant
(Dospat-Teshel, Devin, Antonivaovtsl, Krichim) and total capacity of 380 MW. he thrd re
complex is the Arda river complex with three power plat (Stud Kladenets, ailovgrd and Kardzhal
with a tot capacity of 274 MW. The available hydro cacty depeds largey on the water supply in
the reservoirs. In the winter of 1991-92, availle hydroelectric capact was between 750 and 900 MW,
well below the total installed capacity, due to the drought in Bulgaria In 1990 and eadier which resulted
in the partW depletion of the reservoirs. These capacity figumes are based on normal operations on a
monthly basis that would meet spring minimum reservoir levels needed for muncpal and agdrcult
supply. in fact, instan us capacity can and did increase to apximaly 1500 MW or above, thou
at a penalty to generation during other periods if minimum reservoir levels are to be met.
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4.39 Considerable hydropower capacity is under construcin or desig in Bulgaria. Pumped
sra capciy of 864 MW ae under construction at Chaira which Is part of the Bdmekn-Sestno-
Chain complex. The firsttwo uni at Chairn, 2 x 216 MW, are almost complet and NEK has Indicated

a they will be completed by April 1993. The other two units, also 2 x 216 MW, ar scheduled to be
completed In 1995 wth financing provided by the Bank

D.

D.1: Ihe Cufe Tanmision Sy=

4.40 ne high voltage systems coun of 400 kV and 220 kV s s , but with one 750 kV
interconnection (tie line). lTe subtra ion level is 100 kV and low . In this report, atteion is
focused entirely on the 400 kV and the 220 kV system (the High Voltage ystem) which constiutes the
bulk power transmission system. Both the 400 and the 220 kV systems forn a closed loop configuraion
respectivdy, which eentill cover the entire country. The 220 kV system has sever altaten paths
that connect intermediate nodes of the main loop. The tanission system is ot a bottenek Adequate
transmision capacity is available to meet demand, though certain rehabilitaion needs to be underta
(see below).

D.2: Current needs 400/220 kV transmision syem

4.41 With regard to the present day 400/200 kV system, a number of short-term needs have
been ideified. These needs can be divided into two caeories. The first consists of rhabitation
actions that will make the existing system more reliable, easier to mintain, and up to the curent accepted
prace. Exmples include:

- tReplacing sections of the 400 kV conductors.
- Replacing sections of the 400 kV ground wires.
- Changing 110 kV towers built before 1970.

Upgrading shunt reactors.
Changing circuit breakers

The costs for the fist three Items is estimad by Bulgaria to be US$20-25 million, while the initia cost
of replacing faile reactors is estimated to be US$10 million. Ihe circ breaker upgrade should start
in two to three years, but no ost estimates are currently avaiable. It should be notdtd hthe
rehabilitation can proceed incrementally. A careful analysis of where the process should start and how
it sould conte should be underta as a flrst step. Its perhaps worth nothing at this polnt thata
significant pordon of the transmission equipment is reaching the end of its usefil life and wil need
upgdereplacemet within the next few years. The second category of needs is related to
expansion/enhancement of the carent bigh voltage network. In spite of the drop in demand some
expansion and enhancement remains necessary. 'Tere is a need for additional shunt reactors to maintain
the voltage at acceptable levels and these will be finaced by the Bank. The costruction/completIon of
the Plovdiv/Korlovo Zlatitsa 400 kV lines and stations wiul provide an altea 400 kV path link the
pumped hydro plant at Chaira to the NPP Koododuy. This wUI enhnce the effectiveness of the pumped
hydro plantNPP combinion for peak shaig and region reserve avaiabiity.

D.3: Int=_wlec Eirc ity Euh==

4.42 Ihe Bulgarian power system is interconnected with aUl neighboring countries including
Ukre, Romana, ltuy, Greece, and Yugolavia. he country i liaed with Ukae throgb a
750 kV lin and a 400 kV line, with Romania through two 400 kV lines and a 220 kV line, and with
Greece, 1Tuy and Yugoslavia through 400 kV transmission lines. In the past, about 800 MW could
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be mowe f*om Ihe FSU (Ukraine) at pedods of peak demond with about 4-5 TWh imported yearly.
Athoughi the conct was to be renwed annually, exeiene In 1991 and 1992 suggests that Ukraie
my be unable or unwllng to provide the ene and capity that was previously supplied and for which
the 750 kV mission line was originally bstaled.

4.43 Bulgaria's trade in electicity with Romania, Grece, Turkey and Yugoslavia remains
small. Tade with Romania will remain vy limited because both countries suffer from available
capacity shortages, while dectricity trade with Turkey is limited by technical factors and costs. Trade
with Greece i limited primarily by capacity constaints in that country while trade with Yugoslavia is
stopped by the cur embargo.

4.44 The Intercon to the Ulkaine and Romania are in parallel (synchronized systems)
wherea those to Yugoslavia and Gre a operuaed on the 'lsolated island- principle which allows
sychoIzed opeation of an isolated part of one power system with the other. The isolated isWand"
method of operation limts flexibility and Bulgara's ability to import power and energy, but this is
neessitted by the fact that Bulgar (as well as the other countries of the former CMEA) belongs to the
Eastern Europe interconnected system known as IPS or more informally as MIR (Peace); whereas Greece
and Yugoslavia belons to the Western Eur po intrconnected system known as UCPTE. The difference
in the stnards of the two system does not allow synchronization of the systems at the present time.
Turdey, on the other hand, is not a member of either system and operates its own independent power
grid. This gives it more flexibiity to Itechne power with either system. However, being a member
of a large system has major advantages in that the immediate availability of power through the system
Interconnectin conrbute to a higher reliabilit than woud be the case without them and, if rationally
utilzed, also to a more economic opeation of the Intrconneted system.

4.45 Bulgaria is In tripat discussions with Greece and Yugoslavia for enhancing fiure
exchanges, stregthening of the Interconnectons and possible synchronization. Ibis would require the
adoption by Bulgaria of the UCPTE standards including adequate generating capacity, peaking units, and
frepency and voltage regulation which they currenty cannot meet Also at present, it is questionable
w-hether Bugaria could do without import of electricity from Ukraine at peak periods and, therefore,
It may not be able to join UCPTE uni that issue is resolved. There are, however, ongoing discussions
betwe UCPIE and IPS about establisig coser links and eventually even synchronizing the two
systems and If this occun it would diminate the necessity for Bulgaria to make a decision between the
two systm. The completion of th improved control system for NEK, which will be financed by the
Bank, wDI facilitate Bulgaria's consideration for membership in UCFE at a later date, and assist parallel
operation of the Bulgarian power network with the UCPTE network.

4.46 lie _. All of Bulgaria's imports and exports of electricity are on an
ad hoc basis, except for a bilateral trade arragement with the Ukraine. In the past the trade arrangement
was with the FSU which also, as part of the IPS, provided reserve capacity and frequency control.
Arrgement with the inependt Ukaine are more uncertain ta with the FSU, but Bulgaria has a
bilateal trad aungement wnder which it sells a range of products to the Ukraine (food, chemicals
etc.) in return for Ukra products including electricity. Goods and services under this bilatera
trading arrgement ae priced in doas based on world market prices and each country is supposed to
import about the same value of goods from the other country so there should be no net surplus. For the
purposes of this analysis, it was aumed that 400 MW of capacity and 2 TWh of electricity yearly would
be avaflable from the Ukraine over the time period of the study at a cost of about 3.5 US cents/kWh.
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V. _

A. m_

5.01 Ths chapr descibes the results of *he geneation power system plang aDalyasi on
the Bulgarian power sector. The primary objective of this anaysis has been to eauate the implications
in terms of operat nd investment costs of adopting alterative scenarios for the rehabitadon or
losu of the Kozloduy nuclear power unit (nucleat supply scenarios).

5.02 M oavg. Mhre demand foreass have been agreed with NEK, along with six
scenaros for Xozloduy creating a total of 18 cases (6x3). For each case a least-t electricity supply
plan has been developed. Tse existng thermal plant has been analyzed and data prepared on present
plt perfomace and the scope for reabitation or repowering. Projections of fumre fuel availability
and costs have been prepared. Thi data has been incorporatd in the WASP-M generton planing
model. Analysis has been carried out for each of the cases to determine the least-co means of meetng
fre demand for electricity. Ihe analysis has beeo carried out over a planning period to 2010, and the
costs of investment and operation discounted at 10% and compared on a present value basis.

5.03 3 Itclar Plant Scenaios. Six different nuclear plant scenarios have been received
from the Bulgaian Governmet and analyzed. These cover the complete spread of options from an
mmediate cessation of nuclear power genraon to maintaining the fiu nuelear sector. Ihe options
iWnlude safe shut down, mantanig the plant in a safe condition and eventa decommissioning.
Consideration has also been given in the cougs to stategies fr upgrading the plant to acceptable safety
_tandard.lThe scenarios are:

ScenarIo 0 - All six units at Kozloduy ceaso power production immediately, no further nuclear
developments.

Scenarb I - Kozloduy units 1 to 4 cease production immediately, Kozloduy unis 5 and 6
ontinue production to desigp end of life.

Scenario 2 - Kozloduy unit I and 2 cease power production immediately, 3 and 4 cease power
production in 1/1198, units S and 6 continue operation through to end of design
life.

Scenaro 3 - Kozloduy units 1 to 4 cease power ptoduction in 1/1/98, units 5 and 6 continue
opertion through to end of design life.

ScnarIo 4 - Kozloduy units 1 and 2 cease power producton in 111/98, units 3 to 6 continue
operation though to end of design life.

S Io 5 - All six unitS conue operation through to end of design life (2005 for unit 1,
2006 for unit 2, 2011 for units 3 and 4 and about 2019 for units 5 and 6).

Ih all these scenaios, no investment in new nuclear unis was considered. However, an additional
seario was consideled at the request of the Bulgarian autorities and that was Scenaro 6 - All six unitS
coninue operation dtrough to the end of their design lif, and additional nuclear units would be
cosdered as candiates for new plants. In fact, that turned out to be the same scenario as scenario 5,
sic new nudear plants were not a leas-cost solution.
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S.04 Units S ad 6 continu
opeationk to about 2019, that Is 30 years '
life. Anlyss has ben caried out by
NEK sand their consultants on estmimted
avalabilitiea, operating upgrade and
Wafyworks cos for the nuclear un 1 b p 1S . 11 & m.
under the different senaios. T t
annual investamn cost for each scenaro K .. 4 190

0 mSiion s eamcii.of uns u1 bo

are summarlzedIn Table S.1. .7' *'NL0 O0

.0 Annual op0ating costs a m *.o S a6e.s 455
Include the costs for nuclear fuel which ~0~ ~00 35~ J '4 ~
are estated in992 pric atlUSS16 2d 2
milion per unit for units 1 to 4, and ' '~- 

US$43 micaion per unit for uni S Dand .f
the geneaios pla ning da. 0 and M ie ou .e
costs have been based on hstorical
figurs, and are estimated as Lv 80 medi and a mor pi.2
mllion per yewa for al sik sets, or Lv o
270 moi i fol r ealo chpair of ues I to 
4, and Lv 300 mililon for units 5 and 6. it g also )q* a g t rn 0A tem

These are at 1992 price level and have
been converted t US Dolars at the excanmge rate of Lv 21 per US$ whih is consevave. Dets of
the various actvities which arn sume to be crried out each year on the ploan are given In Annex 1,
Attachment 1.

5.06 p.m,and Fm[ an~d SAYML&ad ine. Mmre demand forecasts have been prepared In
conjunion with NEe. These are a minimum a medium and a maximum forecast presented in Table 3.2.
These forecast asme a comparativel- constant system load fctor over the forecast p d of around
65%. This is comparable with the present load factor of 64%. The fecasts includes auiliary
consumpton withm the stations. Gene rationlg al requires a good reprsnato of the system
loading pate and inoraon has bee colected from NEK of hourly loadinsp over the past 20 yecrs.
'These values hav been averaged on a normalized basis and monthy load duration cuve derived.
System demand is higher in the win der in the summer due to heaing loads, and the annual peak
occurs in December. Detailed changes in these wHil undoubtedly occur as the consumer mix changes with
the evolving economic situation.

5.07 fzaitting Genelkon lants, The present generatin plant in Bulgaria includes nuclear,
convenotioa thermal stations, industria cogeneraton, combined district heating and power plants as well
as hydro-electric staton. The present generatin capability of this plan is 10,020 MW compared to the
estmated 199 peak demand of 6,840 MW (under the medium sceario). Thbe instaled capacity (11119)
is 12,080 MW made up of:

Hydro - 1975.6 MW
Main thermal - 4730.0 MW
Cogeneraon - 574.0 MW
Industri - 1040.2 MW
Nuclear - 3760.0 MW
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5.08 Dtaed of
iee pants asr gsiv il Table 5.2: FIxed Systm Summary of Depndable Capacties

dat for the nuclear power 
uni at p owuy ae | * i # .S 
shw in th Annex 1, ,

fuels are locally mined _ 

ligt ( dmary from the
Marltza ae), ImporttOl w th h
coal, nuralo gs and a p b beI
limie quantity of fuel oil. _ Da fo f ha 
Fuel detais are also given 
In Anex 5. Present hea n 
raw, es iand costs, and _ 1a U '*R" tSS6
outage rates have been o. as w
provided from Information
prepared by NEK in conjucdion with the Bank. The heat rate are quoted on a gross gcneaton basis
andon lower calorifie vauels basis for thewfu-l. Thecenti,on and disrct eatig plans have been
modeled as compite plan for each fuel type and this is shown In Annex S. Heat ates eM for
electricity production, not overall conumption. Data for the hydroelecuic plant have been, provided by
NEK and the valuas of power and energy ae given fto B tre hydlogical condtiors hig prbableites
of 25%, 56% and 19% respectively. ihe retirement program was aured based on the age of the plant,
and t Is shown In Amue S.

5.08 eutl &Wies. Fuel suplies are discussed In paras 4.054.25. For geneation planin
purposes 2I has been aumed tha lgnit wi continue to be avalable at a co of aound US$1.06 per
MMBh U. li major quantities of coal are to be Imported then some new ifras ewilh be reuirda
bImprted coal for Varns is priced at US$1.61MMTU and for Bobov Doi at about US2ieMtu.
he fuel prices for import fuds ae bpas on world market 1rces, and in hs study pries have been
ssumed to main constant in ra tem over the study period. Iported gaS prices are based on a price
of US$3.5000 MW U at the Ukrain border, and 25 cea have been allowed for transit chges each
through Romania and Urainwe gving a price to Bulgaria of US$4AMMBTU (US$12IGcal). Nuclear fue
costs have been assmed constant in line with the assumptions ouste In Sedtion 3 above.

5.9 teds ict nhe. Plow= W drS The planning sm dies are being carried out over he; period
1993 to 2010. The analysis has been carried out using monthly simulations for each of te th
hydrological condirons, with the avage reuts being adopted. A 4rscount rae of 10% has been agreed
for the study. No specific generation planning margin has bee n asmed, rather optimizatio studes have
been carried out by incrporating a value for unseved energ of US$300IMWh. In practice the studie
have indicated that this yield a planing margin of about 15%. The simulations have assumed that
system spinning reseve will be provide by hydro plants and by imports, although in practice, the loss
of a 1000 Mw unit at Kozlody canno be covered fuiy and load shedding will be required. The studies
have als assumed tha the Aindstia and distic heating plan moust run. Although this Is ntO strictly tue
for the district heating plants, WASP is unable to vary time of year availability of pliant Nuclear plan
have not been forced to run, but care has been taken in anayzing the simulations to enur tha the
nuclear units run at reaistically high loading levels.
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Table 5.3: 

5.t2 In addonto te cnddate plant desaVed above, a co_ka has boo mana to ew
aars puped stoag scheme. lbbisrb 4 units of 216 MW eacht. Twno wfll be 1muin
in IM,3 and two In 1995. 7hey hav an officiqic of 7S96 and a poteo fbt goosin 1w 8.S 8m
per day. li is equivlet to 1836 MWh per day per unit. Mis plant has been iodudo in * fixed
sse for the purposes of the geuaetaon plamiog smudies.

5.13 I tor s An ahatve soure of power and eneW is lmorm ts _4bbd
amves. As tiscse dsewhaer a number of opins exist, and it was agreed tba kt sud be asme
dsha 400 MW would be avaflable as bas load at a cost of US$0.035/k:Wh, rouSly th cutv cmG of

ipom. Ibis was icluded as an opdon Ind ie an .ysis.

B. Sof

5.14 Cagaitv ad=. AvaD*lo capacky under each nluclear s¢natio over dke planing
pod has beenW wmpd wh the demd a_ oad r to be ut by the
rebabUlhtdo, repowelog and _osmon of now mentraon plan. PAebkbDon of the main *emal
planu, disrict heating sud industra plan relSbUo/vo6ii we"e put on a fbotio of equaUy wb
he now CoouslUCtion ad sdeclo was nde on the basis of the leas tDW system cost. Noweve, 0*

aoc assumes avway oraiatos and na lot iEs relatod the fa Ct tha dhtit heatn and
bAusWd pla mte out of NERa contol though Wu Issues cma be oem. Ihe gben d_t
came wao optimized over tthe period 1993-2010. Cq*4*i addldou for dhrent kad fanca d
sceuis ar shown inl Table 5.3. lhe prs values of the objecdve funedon (total sy8Wm cam)w
show in Table 5.4. The ae the tfi cmu of spplyillg delcricily frm 1993-2010 discwute at 10%
lbr each case.
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Table S.4: r tVaues Y oLnt Total System Supply Cos r he 18 CieseQ
(US$ Bllion In 1992)

Forecast\Scemarlo Minimum Medium Maximum

6.221 8.201 9.148
2 6.055 7.401 8.848
3 5.891 7.668 8.633

5.15 'n capacity balances, cost breakdown as wel as plt schedules are gI in
Anex S. The rest dsows ta the system coss ar more seitio to the sdeection of the scenrios tha
te demad forecast (see Table 5.4). Under scenario 0, there Is an immediate shofall in capaciy which
ca not be met bY IMPOh . This diuaon coud be described in different ways. We believe that the most
illustatie way are the number of days when the demand is not met for each of the egteen consIdered
options (rable 5.5).

Table 5.5: Nuimber of Days when meie demand tin

I~~~~~~~~~11 I 1$

5.16 EIn all cams analyzed, the most ivo contbuion tD ihe ystem
8 egi cams *am te nucoa ploct geneSon, except scenarios 0 and 1. nohem eew gnaaed by

d gne sous ar prnted (for see os l, 3 I d 4) in Table S.6 below.
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TABLE-6.* ENERSY GENRATION BY PANTS(Wh)

NERIOI TYPE 108 II 1694 5 1is" 200 63 2m 6 2010 
d170. .1TOT. d1TOT. d170. O10T. _ TOT.

HYDRO 44.12 6". 212 2212 to 367.1 OA 8s7.t UK 4 4
'THRML 2122. 6I7 26.4 o 1.0 2oU GU.448.6 NA 8176* 83 22n* so6
NUCLEAR 06 I6.1 07M. 24.8 07a0 S O08 19,4 076.0 17* 075. 17*
DISTRICT r 1277 2 717,0 1. I1.= W1.16 0 0 1.7 Is" 
INDUTRY 2.0 5.7 24.6 6.20a7*6" 5. 106 140 081 6.8 7776 18T
TO tA L 16. 80 41416A 601. 548_ 5660.

8 HYORO I2446.12 6.2445.1 6.244512 5* 5187.1 68 31617.1 5*6372 6.4
THERMAL 114006.4 8. 1546 30.4 176. 4 AUKS GI.437178* S. 581.2 SU6*
NUCLER 2t1121 643 211t0S SU 211t 51.9 076.06 184 07 17* 07 172
DISTRICT j2314 04 88 0. 6078 0.2 96.15 8* 60.. 1.7 1t05* &A
INDUSTRY 1SM 0.5 171.7 0.4 214. 0* 106A4 8* 83. 6* 7 * 1a_
TOTAL 36886.6 3_312.3 41410 60212.4 _461 60. 

4 _ _YORO 24461.12 344612 6 2-44t2 * 31.1 . 3187. re 3LT 6.0
THERMAL 1400. 36. 1t96 864 12.A 4U2 25147.0 6t01 804. 531 76 62
NUCLER 21121 54.3 IS0 68 21. 51.0 1606. 10.0 1606 V 2 160 5" 8
DISTRICT 223.4 0.* "0* 0* 00.72 0.2 1074* Li 48 1.7 10n" 1t
INDUSTRY 1. 0.A 17t.7 6.4 2146 0* 6727 1.4 4W6. $8 1273.
TOTAL 386 36312. 414190 6120 54617.1 6665.

HYDRO 2445.12 U8 244t2 62 244512 6 17.1 6* 3107.1 64 867 6
THERMAL 132263 66.7 281.4 61.0t26310 66 26414.7 61.6 30715.7 6R4 58u04.2 1
NUCLEAR 1076t6 25.176.0 24* 060 23. 07MA0 28.1 0752.0 10* 07630 1
DISTRICT 12* 32 7A 1 8.8 2t0 1064.18 28 6.m 2.0 16. 21
INDUSTRY2270 6 242525 6. 20M 6.0 516.41 3 460G.4 80 11t3
TOTAL M7834 Sos0 414154 407. 46886 681813S

3 HYDRO 2412 6.3 2448.12 6.2 244512 * 3187.1 6 3187.1 64 137
THERMAL 149064 383 1540U 68 3.4 1 42.8 414.7 61.6 3075. 684 8047 0F1.4
NUCLEAR 1 21 12tA 548 2S11 62110*. 51.0 07806 . 07.06 1. 0.06 1.7
DISTRICT 222.14 Q0 62 0*2 0.72 021064.18 2S 96 2.0 106 2.1
INDUSTRY 180.6 0* 17.7 OA 84* 0.4 2t10A1 5.8 4605.4 1A4 6N6 11*
TOTAL [1886. 362.S 4141U 4587 4986. 2186.138

4 HYDRO 2S12 6.3 82 .2 2412 6 3187.1 * 8.1 64 817.1 0
THERMAL 146064 S3 .15468 804 1720 423 2480 68 26784.1 4.4 2681 84.2
NUCLEAR 2t121.6 6S 21130. 6. 2111S8 61.016066* =A*15066. U _106 26t9
DISTRCW 82814 06 2 0.2 90.72 0.2 646 . 8A0S 1.7 045 1J
INUSTRY 180.M O0 171.7 .4 214. 0. 2643 6 1 6 472.76 6.1
TrOTAL I666. 3S32. 41416 462t12 4834 6281878

I HYDRO 2445.12 6. 244&12 7.1 244.12 7TS 47 6264S 27 66 t1.1 7T
THERMAL 21862 60. 20844.6 0* 20.1 62.2 240024 SL1 2M60.1 G44 So" I
NUCLEAR 17VL.6 US*0760 26A4 076. 20.0 07A0 S5.2U07T6 US 0760 2U
DISTRICT 5AS 2J 840 1.1 180*4 0.5 O50 2L 07 1.7 o6i. 2.
INDUSl RY 112027 83 870 26 30.0 t.1 1t01 38 1L77 SA.4 30" $
TO TAL 12.9 s1t432 9 366. 3 .$ 40786* 4254500

8 HYDRO 12443.12 6A244512 7.1 2446.12 7_4.MC 6 8647 66 818.1 ?4
THERMAL 12480*8 846 1024 A10* O 1 M* 2 40 0 4 W1 220.1 64.4 2606* 6
NUCLEAR 21041 66.2 21111* 61.5 noo66 6LT 06.0 25 .07680 82 02.6 "
DISTRICT 66.11 0.2 1.1 0.0 121 0.0 06 Ai 60 1.7 MM 28
INDUSTRY 148.46 OA 10.2 0A 140* 0.4 121" 3t 18677 .4 so" 6
TOTAL 36213. 343614 _IJe1* a5" 407858 42546.0

4 tIlORO 2445.12 6*2445.12 7.1 2445.12 7*2 445.1 6321445.1t 6.0 8157.1 74
THERMAL 12480.8 34. 106244 30* 600.71 2L. 205182 61 267* 6A .21070.71 46.
NUCLEAR 21084.1 5 212 81111* 44589162 62.7 16. 60 16066* 3* 16066 3
ODSTRICT 5511 02 1*1 0.0 1o.1 0.0 sum 1. 160 0 744.54 1*
INDUSTRY 146AS 0.4 160.6 0.4 140. 04 7T1 02 5.72 0A 27.11 to
YTOTAL 362136 34S2.4 83661A 1660" 4079t1 425246*4
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IMLET&-L7 PqU. UIBUWS3TRMYr

_80amm I rf_ _ MM'. t O IO1 16 2-- 1006 2010

IUGNI IWOMNON)- 30.70 2L412 24.5* SUM a27m V029
IA P LUON1TN 4.4" 4.MS 4.040 :1 cm am

NUOUM (IOFOPUh 4600 406.00 4U6 4L00 460 46.0
NH.A (3ILUON-M 0.146 0.146 0.106 Z4A3S L6 MU

* P.F. 0.06" 0.008 0.03 4.000 0.000 0.0M0

* ug N ON) 26.63a 2.443 2614 32./ 2 n.773 2.6
COAL (MIWONO T .= is" 1.7 SAN 4664 1.76
NEF (fONOFRIW OL44? 3 16.6W 48.600MA 46*00
Nm" WON UM * *A0 ooeo .00 2.4o3 26 &SU
f.OL OWON TO O.0 0.000 0.002 0.00 0AN 0.000

4 3UIY it N IT T A6 26 441 29.614 LM 1i763 27.01
COAL (IIJLLON Tote j 12 3 1t1 4.1 4.0 U6.4
NUCULAR ((ONOPFU4 P ) A647 60 662 79. 70*37 70.06
.G"A PLUON M* 000 ooeo0 0.000 Co t 1476 2t6
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- NUCLER (ONOFFUUW 4600 46600 46se 46*00 4MSAO 4LOO
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P.OU 0.N100 6 0.06O 0,066 Q0000 0.000 0.0

3 pLIGNITE AUON NTO) 651 20644 12614 12.71 12.774 27.026
COAL (N(WORTON * 1 t t*1 1* 4.149 4.63 34
NUCLEA ( TOONOF PPE) L4 6 36 L430 t O 450o 4&M
N. a PILUON M** 0ooe0 00 o00o 1.1 1.7t 1146
F.OL 0"LUNTot OO1 0.000 0.002 0.000 0.000 0AO*

4 LGNT (MLUON TON) 253 2S44MS 2114 1L3 3263 27.0
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F.OL 6 MIUONt 0.064 0.064 0.010 0.000 0.000 o0n
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ab$5S: CL9SLktvAMMM
(US$ m tm. 1992 do.)

l _ If A 1
521 n summary, analysisofthe Bulgaia elec y sem stScen , wh

eletrit wIth scenarioy, whic Involvysrnigaluisthn of theirlaa dcrctysse dhosig life acfer safetyc
upgrades, beinga th lowest cot Kofiod.y in choo asingbletwe smearinolvs vay theiugariant authoritesmt

primarily consider thre factors: 1) nuclear safety; 2) costs; and 3) the availability of non-nuclear fuels
especialy natural gas for which there Is a singe supplier. The choice between the scenarios Is largely
a matrof trade offs. Incrasing nuclear safety raise costs and the risks involved In increaing
dependance on Imported non-nuclear fuels. However, the analysis does indicate that the costs of
Increasin nuclear safety by shutting the older units at Kozloduy are not enormous.

5.22 Lw " kiluzfgdamtdaU" leugraGvrmn
was concerned that the results of the anaysis discussed above relied too much on repowering Industria
and district heatin plant using gas fire combined cycle units. They were concerned that this
repowerin might be mor expensive than anticipate and in any case would increase relianc on imported
gas. 'Therefore at the request of the Bulgarian Government, additonal case where run where the
repowerin of the Inustria geneation plants is subsantiaily limited in comparison with the already
analyzed. Also additions to the gasfired plants (combined cycle) were limited to about 600 MW and total
gas usage for electricity and heat was limited to about 2 BM. Tis approach lead to presen values of
total systiem costs which are not mubstantaly different (3-8% higher) tha for equivalent case with the
high reowerin program, but the expenditures stuctur Is different. The repowering option has lower
investment cos in the next 5-6 years, and higher fuel cost while the other option Involves higher
investmen cos in the medium-term and Its financial feasibility is questionable. The present value of
Incrmental system cos as well as the cost breakdown for this option are presented in Tables 5. 10, 5,11 
and 5.12.
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Table 5.10: Pm Valuge of Total System Co far the 18 Cae with Lime Gas Usage
(US$ Billion)

1 6.180 8.666 9.747
2 6.018 8.356 9.371
3 5.853 8.061 9.146

Table S.11: m a Sstem Costs Relative to ull gas Usaje

u~~~~~~~~~~~~~~~~~~~~~~~~~K -

Table 5.12: Cosl of Ssem 8lectricity SUPPmLywith Limits on Gas UsJge
(ESs millions, 1992 dollas)

1 ~~~~~~~~~~~~~~~.1

| ~~~~~~~~~~~~~~~~~~~~~~~~g E

MMs m ..... 
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5.24 Tassi She least cost sCenaios envisage o major additions to the
trnmission stock. Kododuy is mostly enviaged opatg with at least 4 uats, and in the nex ten
years any additional capacity s lky to be repowerig of cogeneraton. Such repowring is withn the
low voltage system and since these schemes are new to load ceners, It s unlikely that any najor
transmision extensions will be rqued. This study has not analyzed the low voltage network, but as
far as the high voltage system is concerned, no major reinforcements over and above those planned by
NEK seem necessary.

C. I

5.25 To get a rough indication of whether the capitad investments and operating costs forect
above are financially feasible the value of final electricity consumption in Bulgaria was forecast for the
dtree demand cases. Final electicity consumpton consists of sales of electricity by the Naoal Electrc
company (NEK) and cogeneraors own use of electricity. lhe electriciy was valued at an aver prcoe
of 3.7 US centskWh. This would be the averag sales price for NEK and was assumed for the'sak of
simplicity to be the value cogeneratDrs would abo put on their own consumption of electricity. This prico
is slightly above the average prico that NEK has agreed with the Bank to satn by September 1,193
(3.5 US cents/kWh), since NEK has agred th stg in late 1994 its average sales price of electriit
should be the higher of: (a) fth long run marginal cost of electricity supplr, or (b) that price required
for NEK to meet cerain fih alW covenats specffied by the Bank. While tis prce i8 not yet known,
itis esmated to be in the 3.54.0 US cents/kWh range.

Figure 5.13

Value of Electricity versus
Cash Outlays on Operations

(;inimum Demand Forcast)
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5.26 Figure S. 13 shows the value of fal electricity consumption In the miwmum demand case
from 1993 to 2010 (top lue), compared with the total cash operatag and investm costs ('bss outlays)
for ach year for each scenario (bottom lines). These cash outlays consist of all fuel cost, operatng and

costs and capita outlays. They exclude income taxes, dividends, levies in leu of diviends,
and debt service. They also exclude some investments which are underway such as the compleidon of
unit 8 at the Maritza East II plant and the Bank's project with NEK which will involve it in some local
capital outlays. Foreign debt service and the required capital outlays under the ongoing projects gether,
however, would be less than US$50 million per year.

5.27 Figure S.13 shows that with the minimum demand forecast and a tariff of
3.7 US cents/kWh; NEK would potentially be in a relatively strong financial position and able to fiance
operating costs and most of the required capital investments under nuclear ar:ios 1 to 5 asumig ta
taxes ard other levies on it were limited. Scenario 0, with the immediate closure of all nuclear plans,
would be harder to finance. Also as pointed out above, this scenario is infeasible since it would result
in massive electricity shortages in the shorter term and severely damage the economy.

Figure 5.14

Value of Electricity versus
Cash Outlays on Operations

(Maximum Demand Foreee"t)
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5.28 Figure 5.14 shows the same situation for the maximum demand forecas Given this
rorcast of demand, scenario 0 would be very didficult to finance even excludingf the major dmge tt

closure of all of the nuclear unis under this scenario would have on the economy. The situation with
the medium demand forecast is roughly half way between the maxum and minimum demand forecasts.

5.29 The above analysis is rough and could be refined. However, it does indicate that at
expected levels of electricity tariffs and with a reasonable taxation burden, NEK and the cogeneator may
be ableto finance most of the oms of scenarios to 5 under all demad cases. Sceio 0 would be
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NUCLEAR kmE PAT

1. Backgsmn. The only nuclear plant in Bulgaria is owned by NEK and is situ at Kozloduy,
about 220 Im north of Sofia on the Danube river. It comprises 4x440 MW and 2x1000 MW unit with
a total instled capacity of 3,760 MW. All units are pressurized water reactors (PWR) utilizing slighldy
ennched uraium as fuel and common water as moderator and coolant. The four 440 MW units - unib
1, 2, 3 and 4 - were commissioned in the years 1974, 1975, 1980, and 1982 respectvely. Unit 5
(VVER-1000) was commissloned In December 1988. Unit 6 is operating at partia output, but as of early
1993, the Committee for the Peaceful Uses of Atomic Energy, the Bulgarian nuclear regulatory agency,
had not yet allowed it to attain full power and it has not been offlcially commissioned.

2. The performance of units 1-4 over the past few years has been quite good: for example, the
average plant load factor for units 1-4 was 76.0% in 1988, and 71.2% in 1989. The performance of unit
5 over the quite limited time period In which it has been operadng has not been as good, due largely to
initiaWl problems with the steam generators. Ihe Kozloduy plant is being used as a baseload plant and has
a good record of unplanned reactor scrams (2-3 per reactor per year).

3. The Kozloduy units 1 to 4 are of the early VVER-440/V230 design, developed by the Soviets in
the 1960s and 1970s. Along with other units of the same type,' they have been the focus of
nternational concem during the past years. In addition, a number of managerial, training and material

problems exist at these units. While the VVER-1000 units do not have the same design deficiencies as
the VVER-440's, they have instrmentation and control deficiencies, steam generator problems and sufer
from many of the same managerial, training and material problems as the VVER-440 units.

4. The COE had planned for a second nuclear power site on the Danube at Belene, consistg of two
VVBR-1000 units in phase I and two additional units in phase 2. A considerable amount of eqipment
was ordered and paid for which was to be used for unit1 and some construction at the site has taen
place. However, in view of 1) the drasdc political changes which have occurred in the country,
2) safety concerns about nuclear power, and 3) the major economic changes which are ongoing in the
country and will result in lower electricity demand, the Government of Bulgfaia
the elene plant. The Bank stronly suports this position.

S. S.a Concems about Design of WER 440'sMM af As a result of inteional
concern about the safety of the design of the WER-440, model V230, the Intational Atomic Energy
Agency (IAEA), at the urging of its members, organized a concerted effort to perform a comprehensive
review of the problem and to make appropriate recommendations. This effort, initiated in 1989 as an
extra-budgeay activity of the Agency, consisted of the following components:

(a) a generic design review, performed in February 1991,

(b) ite visits and evaluations, and

(c) a comprehensive report presenting conclusions and recommendaions in December 1991.

In addition to the Kozioduy units 1-4. the following units of the same type are 3ti1 in operation: at
Bohunice, Czechoslovakia 2 units; at Novovoronezh. Russia, 2 units; and at Kola, Russia, 4 units.
The three unts at Grelfawald. Germany and the two units in Arnenia. have been shut down.
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6. The generic review process of the Agency, with the cooperado of the Soviet desigpers,
concluded (as anticipated) that the design of the VVER-440 model 230 lacks many important safety
features considered mandatory by commonly accepted itenaona practice. hese Include lack of:
redundant systeym for highpressure injection of coolant in cas of a large pipe break In the system,
backp feedwat circuits, and a full-scale containment tuctute that can witstand a substantial
overpressure resulting from an accident. In particular, the review determined that the design lacs three
Importnt properties considered essential in interational practice i.e., ind=a. d&Amakx and

aoUn of safety systems. hbis lack makes the safety systm particularly vulnerable to simultaneous
fai;ure caused by the same cause or mode. The system layout gives poor protection against inra and
external hazards like fires, floods, earthquakes etc. The original plant design was applied initially
exclusivel7 to low-seismicity sites in accordance to Soviet regulation. (Unfortunately, this aumption
does not apply at Kozloduy, though the plant is not in a particularly high seismicity Zone by Bulgarin
standards.) Heavy reliance was also placed on operator control which increases the need for skIlled
opertors and raises the probability of human error.

7. On the other hand, the IAEA review also recognized that the design of the units has certin
redeeming featres. The design was quite conservative, providing large therma margins, sturdy fuel
design, a large volume of water above the reactor core, and very large steam generators wit large
amoun of water for heat removal which would last for several hours even wit active cirulation.
However, these consative features, although providing considerable credit In any safety evaluadon,
are accepted not be able to mitigate against a large pipe break of the primary circuit or other severe
accident scenarios.

8. The IAEA review recognized that there exist significant differences in the detais of the design
among the various plants of the same general design, owing to variations in the actual design used, site
charcteristics, or to later backfltilng measures. However, these differences are generally not major and
have a secondary impact on safety. In addition to the design deficiencies identified, it s generally
recogzed that there are other and in some ways more important safety problems at some of these plans
including: 1) deficiencies in the quality of materials; 2) lack of quality assurance during constucton;
3) poor instrumentation and control design and operaton; 4) poor operator training; 5) inadequate
maintance procedures; and 6) inadequate :anagement structure.

9. The IAEA review also identified a number of investments which would be needed in most of the
VVER-440 plants. These investments were classified into three categories:

Category I: Immediate need.
Category II: Within two years.
Category m: Longer than two years.

In Category I, the following needs were identified:

(a) leak detection devices in the pdmary circuit to allow shutdown before a catastrophic
failure (because this model has only a limited capacity for emergency coolant injection
in the case of a large break);

(b) upgrading of instrumention and control systems, including power conroller, control
room instruments, miscellaneous detectors, and operator aids.
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In Category I, the following items were Included:

(a) simulators for operator training;
(b) auxiliary and emergency fedwater systems;
(c) Improved fire protection;
(d) thermal hydraulic analyses;
(e) probabilistic safety analyses, level I (I.e., to the probability of core meltdown); (this item

includes information of categories I, U, and o).

In Category m, the following were included:

(a) upgrading of steam generator systems performance;
(O) confinement system evaluation and possible upgrading.

10. After much of the work on the generic review had taken place, a specific site visit was carried
out by an LAEA team at Kozloduy in June 1991. The team found that, in addition to the expected desig
deficiencies, operational practices and material conditions of the plant were very poor. Safety equipment
had been allowed to deteriorate, fire hazards existed, morale was very poor, personnel were not
adequately trained or led and management was demoralized with litde authority to act.

11. Emegen imnroement grogram for Kozloduv. The international concern created by the
IAEA's review of the VVER-440 model 230 reactors and specifically its report on Kozloduy culminated
in a meeting in Vienna on July 9, 1991 at which international emergency assistance was decided for
Kozloduy. The Commission of the European Communities (CEC) was designated as the focus of this
effort and was asked to coordinate, finance and administer the emergency program. The CEC alocated
11.5 million ECU for this purpose. The program has five components and is primarily implemented by
the World Association of Nuclear Operators (WANO). The components are:

(a) Uxr=nHou king Pro& is executed by a team of about 15 foreign personnel
experienced in power plant operations, and covering urgently needed actions to correct
the material conditions at units 14 in Kozloduy that were identified by the IAEA Safety
Review Mission in June, 1991.

(b) Twining Afagw=n, is primarily implemented by foreign personnel from the nuclear
power plants at Bugey (France) to improve management and organization, safety culture,
staffprofessionalism, operational and maintece methodologies, quality assurance (QA)
programs, and supervision of implemenation of agreed actions.

(c) Six-Month Safet Asssment and Improyement Program is implemented by expert
personnel from Europe and to a lesser degree the US. This program is for the urgent
resolution of basic safety issues such as reactor pressure vessel and primary circuit
itegrity, accident analysis, confinement leak tightness, simulator training, and
anti-seismic measures. It includes the initiation but not the completion of the very
important task of writing new procedures for normal and emergency operations.

(d) Technical Assistance to the Conmmittee on the Peacefiul Uses of Atomic Enexg (the
Bulgarian Nuclear Regulatory Authority) by European nuclear regulatory experts. The
Committee is receiving guidance on strengthening and extending its capability in
establishing standards, monitoring compliance at the plant, and enforcing the regulaom
in every aspect of plant operations.
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(e) A StUy of Bulgaria's ,lectrciqt siatio In in l ort run was undertaken by
Eurelctric, a consortium of European Electric Power Companies and has been
completed.

WhUe this program Is designed as a short run effort to improve the condition of the Kozloduy plant, It
will conne in some form over a longer period given the deep-seated nature of some of Kozloduy's
problems.

12. As a resut in part of the IAEA report on Kozloduy and the Vienna meeting, the Bulgarian
authorities agreed to take corrective meaues in a phased progrm, first to upgrade unit 4 followed by
unit 3 and, when work on these two units was completed, to perform the upgrading of units 1 and 2.
This is in the prs of being carried ouL

13. Stas of the VER-1001 . Unipts and §. Although ths units are of a later vintage, better
designed, and are equipped with the necessary redundant saety systems requred by western stadards,
including a fuil contnment stucture, they have matera problems in the horizontal steam generators
where cracks have developed In cert cases. Work on the steam generators, consistng of repair and
heat treatment followed by inspection, have been completed for both unis and it is thought this will
prevent the future occurrence of cracks. It Is also known that the instrumeion and control systems
are not up to modem standards and it has been reported that reactor core presents stability problems
which may interfre with the economic and stable operation of the units.

14. An IAEA Operational Safety Asssment Review Team (OSARI) has reviewed units 5 and 6 and
confirmed that the main deficiencies are not in the design area but rather are in the areas of management,
personnel training, adequate inceives for performance, opeatig procedures, and regulory measures.
Perhs the single most important area, which affected all the units at Kozloduy, was the salaries paid
to skilled workers, i.e. shift supervisors and licensed control room operators, and to managers. These
were quite low, but have very recently been sharply increased. Nevertheless, there remain very poor
social and livng conditions in the town of Kozloduy. Attached as Appendix 1 to this annex are the
details of the six nuclear scenarios.



- 50 - Amex 1
Appendix 1

Page 1 of 17

NCLEAR POVER ANT SCENARIOS

1.1 'te six different nuclear scenario have been prepar" by NEK and they are presented
in this Annex.

1.2 The basic technical data descrbing the Kozloduy 1 - 6 units are also preseted In the form
as they have been given to the Mission by NEK.

1.3 Preseted below are the six nuclear operaing scenarios ta are to be considered for the
future of the nuclear industry in Bulgaria.

SCENARIO 0- Al 6 units at Kozloduy cease power production Innedlately no
future nuclear developmt.

1.1.93 All 6 units cease power production

1.1.93-1.1.98 All 6 units will be operated in the shutdown state (this wil require
development of specific safety plans).
Continul upgrade of plant to ensure safety In the shutdown state.

1.1.93 Commence desommissioning stdies and develop plan.

1.1.98 Implement de mioning plan

SCENARIO 1 - Koxloduy units 1 to 4 cease power producion
31.12.92, Kiozloduy units S and 6 continued
operstion through to desIg end of Hife.

1.1.93 Units 1 to 4 cese power production.

1.1.93-1.1.98 Units 1 to 4 wil be opeated in the shutdown state (this will require
development of specific safety plans).
Continu upgrade of Units I to 4 to ensure safety in the shutdown
state.

1.1.93 Comme dmmsioning studies and develop plan for
Units 1 to 4.

1.1.98 Implement decommissioning plan on Unis 1 to 4.

1.1.93-1.1.95 Perform safety and avaiability stodies for Units 5 and 6.

1.1.96-1.1.97 Carry out research and development, design and procurement of the
safety/availability features idendfied by the above study.

1.1.97-1.1.99 The above features will be installed (Wt may result in a reduced
sv,ailnhilav nf the ,mitu.
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1.1.99-DEOL Continued safey and opational upgrades will be made to Units 5 ad
6on an anna basis.

SCENARIO 2- KoulodZ Undts 1 and 2 ces pwe producdon I_=dtely.
Unis 3 nd 4 cease powe prductio on 11.1.98, Undts S and 6
con_nud operion truh to dedgu end of lite.

1.1.93 Units I and 2 cease power producton.

1.1.93-1.1.98 Uni 1 and 2 will be opeated In the shutdown stae (this will require
development of specific saety plans).
Continual upgrade of Units 1 and to 2 to ensure safety in the
shutdown state.

1.1.93 Commece decommissioning studies and develop plan for
Units and 2.

1.1.98 Implement decommissoni plan on Units 1 and 2.

1.1.93-1.1.96 Shortterm saetyupgrades of Uit 3 and 4.

1.1.96-1.1.98 ContmIed safety and operadonal upgrades wDI be made to
Unlt 3 and 4.

1.1.97-1.1.98 Develop shitdown plan for Units 3 and 4.

1.1.98 Units 3 and 4 ceae power producto

1.1.98-1.1.03 Units 3 and 4 wil be operated In the shutdown state.
Connual upgrade of Units 3 and 4 to ensur safety in the shutdown
state.

1.1.98 Commenc decommiin studies and develop plan for
Unib 3 and 4.

1.1.03 Implement decommissoningplan on Units 3 and 4.

1.1.93-1.1.95 Perform safety and availabty studies for Units 5 and 6.

1.1.96-1.1.97 Carry out reearch and development, desg and procurement of the
saetyl/availbility feaures idenified by the above study.

1.1.97-1.1.99 lTe above featur wl be inslled (t may result in a reduced
availability of the units).

1.1.99-DEOL Connued safety and operational upgrad wi be made to Units S and
6 on an annual bash.
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SCEARIO 3 - KlCoddy Units 1 and 2 cma pow produten In 138, UIt 3 to
6 contnued opatio througb to desp end of Ise.

1.1.93-1.1.96 Short-tem sfty upgades of Units 1 to 4.

1.1.93-1.1.94 Cary out reach and development, degn and prourement of the
safty/availablity featu identified by provio stdies for Unit 3
and 4.

1.1.96-1.1.97 IhM above fatures will be lstalld on UnIts 3 and 4 (thIs may resdlt
In a reduced availability of the units).

1.1.96-DEOL Contnued ay nd opaional upgrdes will be made of Units 3
and 4 on an annual basis.

1.1.96-1.1.98 Continued afety upgrades wi be made to Un 1 and 2.

1.1.97-1.1.98 Develop shutownplan for Unis 1 nd 2.

1.1.98 Unis 1 and 2 ceaso power production.

1.1.98-1.1.03 Units 1 and 2 wil be operated in the town stat.
Contnual upgrade of Units 1 and 2 to ensur saety in the shutdown

1.1.98 Comme de o studies and dvelop plan for
Units 1 ad 2.

1.1.03 Implement dec oin la on Unt 1 ad 2.

1.1.93-1.1.95 Peform safety and avaibWiy stes for Unis 5 and 6.

1.1.96-1.1.97 Cary out reearch and development, design and ptomeme of the
safeiylaviabflity f_eat identified by the above study.

1.1.97-1.1.99 I le above ures wil be Iutalled (this may rsu in a reduced
availability of the units).

1.1.99-DEOL Coinued say and operatonl upgades will be made of Units 5
and 6 on an amual basis.

SCENARIO 4 - AN 6 Kolodu Units operado thouwg to dedi end of liut.

1.1.93-1.1.96 Shorterm saty upgrades of Uni 1 to 4.

1.1.93-1.1.94 Carty out eearch and deelopment, design and porme of the
saftylavbility features itifed by ptreios d for
Unis I to 4.
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1.1.96-1.1.99 bhe o fres wM be ited on Unit I to 4 (th may rsutk In
a reduc aaitflity of the units).

1.1.99-DEOL Co d safety and opeato upgrads will be made to Unb 1 to
4 on an annual basls.

1.1.03-1.1.04 Deveop shutdown plan for Uit I and 2.

1.1.04 Unis I and 2 ceas power produedto

1.1.04-1.1.09 Unt 1 and 2 wI be operated in the dsdow stat.
Contia upgrade of Unt 1 and 2 to ensu safety In the sudown
state.

1.1.04 Comme deommissioning sues and develop plan for
Unia 1 and 2.

1.1.09 Imlemet deommisioning plan on Unit 1 and 2.

1.1.09-1.1.10 Develop shutdown plan for Uits 3 and 4.

1.1.10 Units 3 and 4 cee power producn

1.1.10-1.1.15 Unit 3 and 4 will be operated in the sutdown sate.
Continua upgrade of Units 3 and 4 to eu safety in the sutdown
state.

1.1.10 Comned stues and develop pla for
Unl 3 and 4.

1.1.15 Iplemet deo iong plan on Units 3 and 4.

1.1.93-1.1.95 Perform safety and availability sud for Units S and 6.

1.1.96-1.1.97 Carry out reach and deveopment, desi and pro ent of the
safety/availability features identified by the above study.

1.1.97-1.1.99 lhe above feaues wil be stalled (tis mway result In a reduced
availability of dthe unit).

1.1.99-DEOL Contnued safey nd operational upgrades will be made to Units S and
6 on an anual bais.
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SCENARIO S - All Kozloduy Units operaon lthugh to dedgn end of U?. and
new nudear cotrcon It deemed to be required by electricty
demand.

h is the sme a Scenario 4, with the consideration of finure constuedon of
additional units. Ihe number and capacities of now units will depend on the demand foreats. As
such consuction cos should be quoted in tms of cost per MW constructed. These should be total
cos includiag desin, analysis, pcuement, construction, commissioning, etc.

COMMENTS:

1. Design end of life (DEOL) is considered to be 30 years from commencement of commercial
operations.

2. For me of analysis it proposed Units 1 and 2 should be u sy hut down,
slmily fbr UnIs 3 and 4.

Nuclear Safety/Upgrae Investmnt Costs (JS$M)

s _== ~~~~~~~~~~~~10

s X T A. A 10

1U!eix. ~ 50~, 
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BG-1 KOZLODUY -

Current stas: OPERATIONAL

I. GENERAL
Station name KIozoduy - I
Region of Township Kozloduy
Station Coordinates:

Latitade (degrees, minutes):
Longitde (degrees, minmes):

Reactor Type: PWR
Reactor System Supplier: ATOMENERGOEXPORT
Turbine Generator Supplier: ATOMENERGOEXPORT
Owner(s): NATIONAL ELECIUC COMPANY
Operator: KOZLODUY NPP

H. MAILING ADDRESS:
Staion Address: NPS Kowloday

3320 KozIoduy Bulgaria
Station Telephone (02)871312, (0973)71

Telex 33 416
Fax (0973) 2591
Utility Address: NEK

8 Tladlt Str
1000 Sofia
Bulgaria

Utility Telephone: (02)86191
Telec 22707,22708
Fax (02) 875826

m. OUTPUT PER REACTOR UNMT:
Design Curent

Nuclear thermad: 1375 1375
Gross ectrical 440 440
Net electical 408 408

IV. DATE OF:
State of Constuction Aprl 1970
First crIially June 30, 1974
First synchronizaion to grid August 14, 1974
Commn rci Operation October 25, 1974
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V. REACTOR CORE CHARACTERISCS
Fued mara: U0
No of fud assembli 349
No of fild rods peraembly 126
Av. inidal fad onrIchment 2.5 (w%)
Av. reload fuel ercmet: 3.6 (w%)
Cladding, material: ZR

thidknss: 0.65 (M)
Fud loading: 42 (tonne U)
Power densty in fud: 32 (kWf U)
,tower density In coro 84.2 (kW/lk)
Linear power density: 12.5 (kW/m)
Dischage burnup, design av. 28600 (MWd/t)
Method of refeling off load
- desig freq of re ing 12 (months)
- part of core witwn 33 (%)
Means of reactivity control: H3BO,

VI. PLANT SYSTEMS
Reactor vessel, basic material: LOW ALLOY STEEL

ladding material: NO CLADDING
Primay system deciptiot:

No. of primary pumps 6
CAOh: Material: E60

Mass flow through core: 39000 (tih)
Outlet _ 298 (deg C)
Outlet pre:r. 125 (kglcm)

Steam generator(s): Number: 6
Type: PGW-4E

Turbines: Number: 2
Rating: 220 MWe

Steam condions at turbine net
Tempeature 255 (deg C)
Pressre 44 fk/cm
Moist content 05 (%)
Flow: 1320 (t/h)

Type of conder coodg River
Reactor system cotaim No conWtainmen
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BG-2 KOZLODUY -2

Curreatus: OPEnRAIONAL

1. GENERAL
Staion name ozloduy - 2
Region of Townhip Kozloduy
Statio Coordintes:

Latitude (degroes, minutes):
Lonte (dgrees, miutes):

Ractor Tye: PWR
Reactor System Supplier: ATOMENERGOEXPORT
Tuine Geera Supplier. ATOMENERGOEXPORT
Owner(s): NATIONAL ELECRIC COMPANY
Operator: KOZLODUY NPP

Ll. MAILWG ADDRESS:
Stadon Address: NPS Kozloduy

3320 Kozloduy Bulgaria
StatoTelepbone (02)871312, (0973)71

Telex 33 416
Fax (0973) 2591
Utiity Address: NEK

8 Trladitza str
1000 Sofia Bulgari

Utility Telephone: (02)86191
Teet 22707,22708
Fax (02) 875826

m. OUTPUT PER REACTOR UNIT:
Desin Currt

Nuclear themal: 1375 1375
Gross deoical 440 440
Net decbtical 408 408

Iv. DATE OF:
State of CDnStucdon April 1970
First ctically August 23, 1975
Firt synchraniztn to grid September 27, 197S
Commecal OPeratin November 5, 1975
Desig Lfe Tim 30 years
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V. REACTOR CORE CHARACTRISTICS
Fuel material U02
No of fuel rods per assembly: 126
Av. initial fuel enrichment 2.5 (w%)
Av. reload fuel enrichment: 3.6 (w%)
Cladding, material: ZR

thickness: 0.65 (mm)
Fuel loading: 42 (tonne U)
Power density in fuel: 32 (kWkg U)
Power density in core: 84.2 (kW/lit)
Linear power density: 12.5 (kW/m)
Discharge burmup. design av. 28600 (MWdlt)
Mehod of refuelling off load
- design frequency of refueing 12 (month)
- part of core wtlhawn 33 (%)
Means of reactity conrol: H3BOQ

VI. PLANT SYSTEMS
Reactor vessel. basic material: LOW ALLOY STEEL

cladding material: NO CLADDING
Prim system descriptiow:

No. of prmary pumps 6
Coolant: MaterI: HP0

Mas flow thugh core: 39000 (tlh)
Outet tempare: 298 (deg C)
Oudet pressure: 125 (kglcm)

Steam generator(s): Number: 6
Type: PGW-4E

Turbines: Number: 2
Rating: 220 MWe

Steam conditions at tubine inlet:
Temperaure 255 (deg C)
Pressr. 44 (kglcw)
Moisure content 0.5 (%)
Flow: 1320 (tlh)

Type of condense cooling River
Reactor system containment No containment
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BG-3 KOZLODUY -3

Current staw: OPERATIONAL

I. GENERAL
Station name Kozloduy - 3
Region of Township Kozloduy
Station Coordinates:

Latitude (degrees, mints):
Longiude (degre, minuts):

Reactor Type: PWR
.Reacor System Supplier ATOMENERGOEXPORT
TuIbine Geneaor Supplier. ATOMENEGO}EPORT
Owner(s): NATIONAL ELECTRIC COMPANY
Optr: KOZLODUY NPP

I. MAILNG ADDRESS:
Station Address: NPS Koeloduy

3320 Kozloduy Bugaria
Sation Telephone (02)871312, (0973)71

Telex 33 416
Fax (0973) 2591
Utilty Address: National Eectric Company

8 Trladitza str
1000 Sofia
Bulgia

Uity Telephone: (02)86191
Telex 22707,22708
Fax (02) 875826

m. OUTPUT PER REACTOR UNIT':
Design Curent

Nuclear therma: 1375 1375
Gross electrical 440 440
Net electrical 408 408

IV. DATE OF:
State of Construction Ocbr 1973
Fiust critically December 4, 1980
First synchronization to grid Decem 17, 1980
Commeril Operatioa January 28, 1981
Deign Life Time 30 yes
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V. REACTOR CORE CHARACTERSTIS
Fuel material UO2
No of fuel assemblies: 349
No of fuel rods per assembly: 126
Av. initial fuel enrichment 2.5 (w%)
Av. reload fuel enrichment: 3.6 (w%)
Cladding, material: ZR

thickness: 0.65 (mm)
Fuel loading: 42 (tonne U)
Power density in fuel: 32 (kW/kg U)
?ower density in core: 84.2 (kW/lit)
Linear power density: 12.5 (kW/m)
Dischage bumnup, design av. 28600 (MWdIt)
Method of refuelling off load
- design frequency of refuelling 12 (months)
- part of core withdrawn 33 (%)
Means of reacdvity control: HBO3

VI. PLANT SYSMS
Reactor vessel, basic material: LOW ALLOY STEEL

cladding material: NO tLADDING
Primary system description:

No. of primary pumps 6
Coolant: Material: H20

Mass flow tbrough core: 39000 (t/)
outlet tempeatre: 298 (deg C)
Outlet pressure: 125 (cm)

Steam generator(s): Number: 6
Type: PGW-4E

Turbines: Number: 2
Rating: 220 MWe

Steam conditions at turbine inlet:
Temperatue 255 (deg C)
Pressure: 44 (kgkm2)
Moisture content: 0.5 (%)
Flow: 1320 (t/h)

Type of condenser cooling River
Reactor system containment No cold_
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BG-4 KOZLODUY -4

Cunt Sta: OPERATIONAL

I. GENERAL
Saion name Kozloduy - 4
Ron of Township Kozloduy
Sation Coordinates:

Latitude (degrees, minutes):
Logitude (degrees, mnumtes):

Reactor Type: PWR
Reactor System Supplier: ATOMENERGOEXPORT
Turbine Generator Supplier: ATOMUENERGOEXPORT
Owner(s): NATIONAL ELECRuC COMPANY
Operaor: NPP

11. MAING ADDRESS:
Station Address: NPS Kozoduy

3320 ICzoduy Bugaia
Station Telephone (02)871312, (0973)71

Telex 33416
Fax (0973) 2591
Utility Addess: Natonal Eectric Company

8 Triaditza StW
1000 Sofa
Bulgaria

Utility Teephone: (02)86191
Telex 22707,22708
Fax (02) 875826

m. OUTPUT PER REACTOR UNIT:
Design Cunt

Nucler thamal: 1375 1375
Gross electrIca 440 440
Not electical 408 4O8

TV. DATE OF:
Stae of Contuction October 1973
First cridcally Apri 25, 1982
First nzato grid May 17,1982
Commercial Operation June 17, 1982
Desin LifTime 30 years
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V. REACTOR CORE CHARACTRISTICS
ude maeriad U02

No of fuel assemblies: 349
No of fuelrods pera mbly: 126
Av. hitial fuel enricmen 2.5 (w%)
Av. reload fudel eiment: 3.6 (w%)
Cladding, material: ZR

thicness: 0.65 (mm)
Fuel loading: 42 (tome U)
Power density in fuel: 32 (kW/kg U)
bower density in core: 84.2 (kWA t)
Linear power density: 12.5 (kWhm)
Dischage burnup, desig av. 28600 (MWd/t)
Method of refuelling off load
- deign frequenc of reelling 12 (months)
- part of core withdrawn 33 (%)
Means of reactivity control: H3B0%

VI. PLANT SYSTEMS
Reacor vessel, basic material: LOW ALLOY STEEL

dadding material: SS
Primay system descrWlpton

No. of primary pumps 6
Coolant: Materil: H20

Mas flow through core: 39000 (t/h)
Outlet temperue: 298 (deg C)
Outlet pressure: 125 (kg/fcm

Steam genertor(s): Number: 6
Type: PGW4E

Turbines: Number: 2
Rating: 220 MWe

Steam conditions at tubrine inlet.
Tempeature 255 (deg C)
Pressue: 44 (kglcm2)
Moisture conten: 0.5 (%)
Flow: 1320 (t/h)

Type of condenser cooling River
Ractor system containment No containment
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V. REACrOR CORE CHARACTERISTICS
Fuel matal U0
No of fuel assemblies: 163
No of fuel rods per aLembly: 312
Av. nial fuel enrichmeut 3.1 (w%)
Av. reload fiel earichment: 4.4* (w%) 3.3 (w%)
Cladding, material: ZR

thickmess: 0.65 (mm)
Fuel loading: 75.2 (tonne U)
Power density in fel: 45.5 (kWig U)
Power density in core: 111 (kW/it)
Linear power density: 16.71 (!Wlm)
Discharge bunup, design av. 40000* (MWd/t) 2700 (MWt)
Method of refuelling off load
- desig frequency of refueling 12 (months)
part of core withdawn 50 (%)

Means of reactvity control: H,BO3

VI. PLANT SYSTEMS
Reactor vessel, basic material: LOW ALLOY STEEL

cladding material: SS
Priay system decrton: 4 modules of steam gen.

No. of primary pumps 4
Coolant Matera: H0

Mass flow thrugh core: 84800 (t/h)
outlet tmpeature: 320.1 (deg C)
Oudet pressure: 160 (kg/cgm)

Steam generator(s): Number: 4
Type: POW-1000 (horontl)

Turbines: Number: 1
Rating: 1000 MWe

Steam conditions at turbine inlet:
Temperature 274 (deg C)
Pressure: 59 (kglcm?)
Moisture content: 0.2 (%)
Flow: 5980 (tlh)

Type of condenser cooling River
React system contament Reinforced, preatsed

concrete
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BG-6 KOZLODUY - 6

Curre status: CONSTRUCTION

I. GENERAL
Station nam Kooduy -6
Region of Township Kozloduy
Staton Coordinates:

Latitude (degrees, minutes):
Longitde (degrees, minutes):

Ractor Type: PWR
Reactor System Supplier: ATOMENERGOEXPORT
Turbine Geneator Supplier: ATOMENIERGOEXPORT
Owner(s): NATIONAL ELECTRIC COMPANY
Operaor: KOZLODUY NPP

IL MAUING ADDRESS:
Station Mdress: NPS Koioduy

3320 Kozloduy Bulgaria
Station Telephone (02)871312, (0973)71

Telex 33 416
Fax (0973) 2591
Utit Address: NationaD Electric Company

Triaditza str
1000 Sofia
Bulgaria

Utility Telephone: (02)86191
Tdel 22707, 22708
Fax (02) 875826

m. OUTPUT PER REACrOR UNIT:
Design Cufrent

Nuclear thenral: 3000 3000
Gross electrical 1000 1000
Net electrical 953 953

IV. DATE OF:
State of Constction July 1980
First cdtically
First to grid
CommerciaOperaio
Design Life Time 30 years
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V. REACTOR CORE CHARACTERISTICS
Fuel materil 102
No of fae assemblies: 163
No of fuel rods per asembly: 312
Av. ini fuel enrichmet 3.1 (w%)
Av. reload fuel enrichment: 4.4* (w%) 3.3 (w%)
Cladding, materia: ZR

thickns: 0.65 (M)
Fuel loading: 75.2 (tonn U)
Power density in fuel: 45.5 (kW/cg U)
Power density in core: 111 (kWflt)
Linear power denity: 16.71 (kWIm)
Dshage bunup, design av. 40000* (MWd/t) 2700 (MWt)
Mediod of refuelling off load
- desig fiequency of refuelling 12 (months)
- part of core withawn SO (%)
Means of reactivity control: HBO3

VL PLANT SYSTEM
Reactor vessel, basic material: LOW ALLOY CR-MO-NI STEEL

cladding material: SS
Primary system description: 4 modules of ste geL

No. of primary pumps 4
Coola: Materl: HE0

Ma flow through core: 84800 (th)
Outlet tmpae: 320.1 (deg C)
Outlet presse: 160 kg/cm:)

Steam generator(s): Number 4
Type: PGW-1010 (oriont)

Turbines: Number: I
Rating: 1000 MWe

Steam conditions at turbine Inlet:
Tempaure 274 (deg C)
Pressure: 59 (kg/cm)
Moisture content 0.2 (%)
Flow: 5980 (t/h)

Type of condenser cooling River
Reactor system contnmet Reinforced, prestesd

concrete
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BULGARI

THERMAL POWER PLANTS, DlSTRIC HEATING
PLANTS AND INDSTRIAL CQ9Mffz1IO PLANTS

1. Tbis section of the report has the following main objectives:

o Review of the curfent statis of existing taermal generating plant in Bulgaria including
plants in the district heating and industr sectors;

O Technical data collection for each unit - including location, and the year of commercial
service, design basis, technical and major equipment data, current maximm and
minimum capacities, availability, heat rates, scheduled maintenance and outage data, fuel
type and composition, fuel availability, remaining life of existng equipment, annal

electricity generation, anmual and/or monthly fuel consumption, and production costs; and

o Review of operating and maintenance practices, equipment limations, rehabilitation
programs and schedules, identification of candidate plants for combined cycle opeat,
fuel switching scenarios, efficiency improvements, costs for rehabilitation and
repowerig, decommissioning or retirement schedules and review of projects under
construction.

2. Maritza East I Ihis power plant is located in southeastern Bugaria near Galabovo.
Martza East 1 has been in operation for 30 years. lhe plant has reached the end of its useful life. The
plant has four 50 MW units supplying steam to a nearby briquette factory and two units of 150 MW,
which have been decommissioned. The power plant, built during 1958 to 1963, has six 210 t/hr steam
boilers supplying steam to the four 50 MW exaction steam turbines. The plant supplies nearly 480 t/hr
of process steam at 180 OC and 4kg1/sq.cm to the briquette factory. In 1991, this plant generated about
990,000 MWh of electricity and 1.5 million giga calories of thermal energy. The reported plant overall
gros heat rate was 2930 klc/kWh. In 1991, the plant had 1229 employees. Under a U.S. TDP
financed feasibility study, the study contractor, Bechtel, is considering several options to replace these
units. Some of the options considered In the Bechtel study are: (1) a new 200 MW-250 MW plant to be
built on the same site which would continue to supply steam to the briquette factory, (2) gradually closing
down the briquette factory and instaling one 400 MW condensing unit. The units in this power staion
are planed for decommissioning during 1995-1997. For this study, it was assumed that this plant will
be replaced by a new lignite-fired 400 MW condensing power plant which will commence commecial
operation by Jamuy, 1999. The estmated cost for this new plant in 1992 U.S. dollars is US$1300/kW.
This esdmate does not include interest during construction, contingency, etc.

3. Martz Elt-2. this planthas four 150 MW units (units 1-4) which have been converted
to direct firing of lignite, dtree 210 MW units (units 5-7) and a 210 MW unit (unit 8) under construction.
The four 150 MW units were partally rehabilitated during 1984 -1986 and, during this rehabilitationthe
boilers were converted to direct firing of lignite. This, along with the reduction of main and reheat steam
temperte due to material problems, resulted in derating of these unit to 130 MW each. The four
units of 150 MW each were commissioned during the years 1966-1969. The orgin operaig
supetheated and reheat temperatures for boilers and turbines were 5701570 °C and S651565 C,
respectively. In addition, the fuel was dried in fuel drying plants before being fed to the boilers.
Because of material problems, the superheated and reheat steam temperatures were derated lo
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545/545 eC, resulting in reduced generadng caiies for these uni. The equipment in these unis has
nearly exhausted 50% of its usel life. Ibese units prime candidates for fiuther life exein
through rehabilitation. All the unit are experiencing tube failures, due to high ext furnace flue gs
temperatures caused by excessive slagging in the fiunace. Much of the boilers auxillary eq u is
experiencing problems, for example the coal mil is experiencing severe erosion due to high ash content
in the lignite. The units are also subject to saerenccling, leadig to further detatin of equipme
Reduced capacities due to increased condenser back presur were also reported. High p e of
unburnt carbon in the ash Is also reported. Poor lignite quality, mainly because of excesive cay in the
lignite, is causing material handling problems during cetn weather condions such as ra ad aw.

4. For the study, first four undts of 150 MW each are expected to undergo life extenio
through rehabilitation during 1994-1998. The thre units of 210 MW each are relatively new and are
operating well. Another unit of 210 MW capacity Is to be completed with fincng from EBRD and
EIB. This unit along with unit 7 which share a common stack, will be provided with a flue gas
desulfriation (FGD) unit. The esimated cost for life extension through rehabiLon for the old 150
MW units is about US$I50lkW in 1992 U.S Dollars. Ibis plant generated about 4.68 TWh during 1991
at an overall gross heat rate of 2784 KcalJlWh. The plant currently employs 2,067 people.

5. Matitza 3wppgad. his plant has two units of 25 MW each, duru
1951-1955, and they have reached the end of their useful lives. It also has one 120 MW Unit,
commissioned in 1971, which has seere boiler and turbine problems. i plant supplies steam to the
district heating system. The 120 MW unit has been derated to about 75-80 MW. The deratlon is mainly
due to bad fuel quality. Lignite fuel is supplied by Maitza West coal mne and conOD exceGsi
amounts of over burden. The plant is located in one of the most polluted areas of Bulgaria Swetal
options under consideration are: (1) Life extension through rehabilitation of 120 MW unit; (2)
decommissioning of this unit and replacement of lost electric capacity by insing a new power plt In
the Maritza East area and replace the exsting district heating system by providig atu to
Individual consumers for heatng; and (3) a combined cycle cogeneration system comisten with the steam
demand for the district heating and industrl systems. In this study, an assmtion is made to reire
these units. Lost electriciy capact will be made up by a newly inalled 400 MW plat in the Mart
East 1 complex. In 1991, Maritza 3 generated about 1S4 million MWh of electricity and 192,000 gigp
calories of thermal energy. This plant currently employs 363 people. Gross heat rate for the electricity
production was 4029 kcal/kWh.

6. Maita East 3. It has four units of 210 MW each, instaled during 1978 throu 1981.
The units are operating well and standard rehabilitation and modion of im and contos
are anticipated in the near future. Retrofitting of these units wih FGD Is being considered. LgnWte
supplied is similar to that supplied to Maritza East 1 and 2. In 1991, this plant generated about 4.1
million TWh. This plant employed 1465 people in 1991.

7. Rum. This plant is located in Northem Bulgaria ad on t'he banks of Danube. It has
two units of 30 MW each, two units of 110 MW each and two units of 60 MW each. The 30 MW uni
were rehabilitated and are planned to be decommissioned in the year 2000. TOTEMA of Bulgaia is
perfrming a feasibility study for life extension tirough rehabilitation of the 110 MW units. The current
thnical condition of these units is considered to be poor. The 60 MW units are opatg wel. The
power plant uses anthracite coal imported fiom Ukraine. Avalability of this coal has be a rnJor
problem for Bulgaria. Studies are being undertaken to convert the exsting boilers to combust Imported
sub-bituminous coal. Some of the units can be converted to gas firing but this s ntect d. w
continued use of gas is considered, combined cycle repowering may be technically and economicaly
justifiable. The plant is eperiencing problems with auxiliay equipment, such as circulatig watr
pumps, water treatment plant, coal mills, etc. In 1991, this plant genered 521,744 MWh of dectcit
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and 786,388 giga calories of thermal energy. The gross heat rate for electdcity production was
3094 kcal/kWh. The rehabilitation of these units are scheduled during the years 1995-2000. The two
30 MW units are ecpected to be retired during the period 1998-2000. In this study, an assumption is
made to convert and to extend the life of the two 60 MW and the two 110 MW units to burn low sulfur
imported coal. The estimated cost for conversion is about US$225/kW.

8. Vanrna. This plant is located on Varna lake some 20 km from Varna. It has 6 units of
210 MW each installed between 1968 and 1979. They are designed to use Ukrainian anthraite coal.
As before (Russe), difficulty in supplying this coal is causing problems to the operation of this plant.
Units 4 to 6 have been designed also to use natural gas. Units 1 to 3 are in poor technical condition,
experiencing increased forced outages due to tube leaks in the steam and water circuits in the boiler.
High cooling water temperatures resulting from inefficient cooling towers have caused reduced output.
Currenty Bechtel is performing a feasibility study for the life extension of these units including
conversion of existing boilers to sub-bituminous coal. In 1991, this plant generated about 5.9
million TWh of electricity at a gross heat rate of nearly 2351 keallkW. In this study, it was assumed
that the first three units will be rehabilitated to burn low sulfur imported coal at a cost of US$225/kW.
The other three units will undergo life extension through rehabilitation at a cost of US$2251kW and will
contn to use the present imported Ukrainian coal.

9. Bobov Dol This power plant is located around 100 km southeast of Sofia. It has three
units of 200 MW, each commissioned between 1973 and 1975. Life extension and rehabilitation of these
units are being studied by Bechtel. Bobov Dol mines are depleted and alternate sources of fuel supply
are being evaluated. Boiler deterioration due to heavy slagging has been reported. In 1991, this plant
generated about 1.6 TWh of electricity at a gross heat rate of about 3078 kcals/kWh. These units are
scheduled for life extension through rehabilitation during the years 1994 to 1996. The boilers require

odifications to accept blended coal or low sulfur imported coal. Low sulfur imported coal would be
preferable as this would eliminate the need for expensive FGD units. The estimated cost for rehabilitation
is US$173IkW.

Ditict Heatng Plant

10. Sfia. The Sofia plants are ideal for conversion to gas-fired combined cycle cogeneration
and the thermal energy distribution system has huge losses and needs immediate modernization. Sofia
has a population of about 1.1 million. Presendy, the thermal energy is supplied by two thermal power
plants (Sofia and Kostov plants), two local heating stations and several spare boiler plants. The Sofia
plant was built in four stages. The first stage was built in 1949, and, except for occasional use of its
boilers for producing process steam, most of the power generation equipment has been decommissioned.
The second stage was built in 1958. This stage consists of three boilers rated at 170 tons/h of steam each
and two extracting steam turbines rated at 25 MfW each. This stage is in need of immediate rehabilitation
dtrough repowering or replacement. The third stage was completed in 1963 and is also a candidate for
rehabflitation and/or repowering. This stage consists of two boilers rated at 220 tons/h each supplying
steam to a 50 MW extraction turbine. The fourth stage was completed in 1985 and consists of a
220 tons/h boiler supplying steam to a back pressure turbine rated at 25 MW. Originally, the boilers
were constructed to burn lignite and they have been converted to burn fuel oil and natural gas. In 1991,
this plant generated nearly 485,000 MWh of electricity and 2.33 million giga calories of thermal energy.
The gross heat rate fur electricity generation was 1940 kcal/kWh. Natural gas is used as the prinary
fuel. A preliminary estimate for gas turbine repowering results in an increase in net electric generating
capacity of about 280 MW based on current operations. The new net capacity for this plant after the
reiement of units 4 and 5 is about 345 MW. (Units 4 and 5 are scheduled to be retired during 1994).
Unit 6 and 8 are recommended to be repowered, using gas turbines, during 1995 and 1996. The current
estmate for repowered capacities were made consistent with the current design steam demands. The
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esdmated net capacities for units 6 and 8 are 104 and 240 MWs respectively. The esdmad cost for
repowering based on these capacities Is about US$310/kW.

11. The Kostov plant was built In three stages. The first stage, complted In 1964, consists
of two boilars, each rated at 220 tons/h, 9.6 MPa, 540 eC and two 30 MW turbine-generators. The
second stage similar to the first stage was completed in 1968. The third stage was built in 1968 and Is
comprised of three boilers each rated at 220 tonslh, 13 MPa, 540 IC and one 66 MW turbine-generator.
In addition, eight hot water boilers each rated at 100 kcal/h, were added between 1972 and 1982. The
four 30 MW turbines need rehabilitation especily replacement of HP cylinders. Tbis plant uses natuWal
gas as the primary fuel. In 1991, this plant generated about 596,785 MWb of electricity and 2.7 million
giga calories of thermal energy. The gross heat rate for electricity generation was 1706 kcal/kWh. Like
the Sofia plant, this plant is an ideal candidate for rehabilitation and repowering with gas urbine
combined cycle cogeneration. All the existing five units offer a potential for gas turbine combined cycle
cogeneration. The estimated net capacity increase is about 735 MW. The estimated new net capacity
for this plant is 870 MW. The cost for repowering, including rehabilitation of the existing stem cycle,
is US$275/kW, based on new net capacity.

12. Pemik. Pernik is a major industral town outside Sofia with a large districtheating plant,
Republika. This plant utilizes local low grade coal with high content of moisture, ash and sulfur. This
plant supplies heat to a population of about 100,000 and process steam to several industries. Due to age,
this plat Is currendy operating far below capacity. The current insIled and avaflable electric genat
caacities are 155 MW and 75 MW respectively. This plant was built in three stages. Ihe first stage
was completed in 1952 and consists of two non-condensing turbines of 25 MW each and two steam
generators rated at 34.7 kg/s at 7.8 MPa and 500 -C. This stage is expected to be decommissioned in
the near futare. The second stage was completed in 1958 and consists of three steam generators having
the same parameters as the first stage and two 25 MW turbines (one of condensing type and the other
double extraction type). The third stage was built in 1967 and consists of a steam generator rated at
61.1 kg/sec at 9.6 MPa and 540 *C and a condensing turbine rated at 55 MW. The second stage boilers
and associated equipment are candidates for life extension through rehabilitation. This plant is ideal for
the introduction of modem fluidized bed boiler technology. In 1991, this plant generated about 169,000
MWh of electricity and 583,000 giga calories of thermal energy. The gross heat rate for this generation
of electricity was 3971 kcal/kWh. Units 3, 4 and 5 are scheduled to be rehabilitted during 1994 and
1995. Also a new 25 MW cogeneration unit (most of the equipment is on site) is scheduled to be
installed in 1995 (assumed). The rehabilitation cost is estimated to be US$50/kW. This estimate does
not include rehabilitation of the boilers, as electricity is considered as a byproduct from this plant.

13. P10ydiv. The Plovdiv plant has two 30 MW units and a 25 MW unit partily completed.
Fuel is heavy fuel oil and permits have been obtained to convert to natural gas. Energoprojet is
performing a life time assessment of existing equipment. The current plans are:

Completion of the 25 MW back pressure unit and conversion of the boilers from fuel off
to natural gas.

Modernization and rehabilitation of the existing equipment including HP cylinder
replacement of turbine 2.

Decommissioning of ubrine I and conversion of turbine 2 to combined cycle operation
with two gas turbines 60 MW each (total gas turbine generation capacity 120 MW).

Introduction of a new 25 MW unit.
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Because of the availability of natur gas, an early implementation of combined cycle operation would
be beneficial and have the result of incroased electricity production at high efficiencies.

14. In 1991, this plant generated about 122,000 MWh of electricity and 579000 giga calories
of thermal energy. he gross heat rate for the generation of electricity was 1751 kcal/kWh. Unit 1 b
scheduled to be retired in the year 2005. Strong recommendations are made to repowered units 2 and
3 during the years 1996 and 1998, respectively. The new net repowered capacity is estimated to be about
260 MW. The estimated cost for this repowering Is in the order of US$300IkW.

15. Avram Stolanov. It has one 30 MW unit and plans for installing an additional two 12
MW back pressure units are being considered. Fuel used is brown coal. In 1991, this plant geneated
about 1^6,500 MWh of electricity and 383,000 giga calories of thermal energy. The gross heat rate for
electricity production was 2611 kcallkWh.

16. Pleven & Shumen. Currently, Pleven plant has three 12 MW installed units with
maximum generating capacity of 8 MW for each unit. Similarly, Shumen has three 6 MW units with
maximum generating capacity of about 4 MW each. In both plants, large quantites of steam are ptovided
to industries after expanding through back pressure turbines. These plants use nar gas and oil for
fuel. In 1991, Pleven generated about 73,000 MWh of electricity and 878,000 giga calories of ermal
energy. TMe gross heat rate for electricity generation was 1758 kcals/kWh. In 1991, Shumen generated
about 54,000 MWh of electricity and 563,000 giga calories of thermal energy. The gross heat rate for
electricity generation was 1260 kcals/kWh. Both plants offer a potenti for repowering. The esdmated
new net capacities for Pleven and Shumen are about 295 MW and 160 MW, respectively. The esdmaed
costs for these plants based on new net capacities are about US$4751kW and US$485IkW, respectively.

17. Russe West. Kazanlak, Gabrovo. In 1991, these plants generated 8100, 19,800, 18300
MWh of electricity, respectively and 207,000, 293,000, 312,000 giga calories of theam energy,
respectively. The gross heat rates for electricity generation were 1519, 1401, and 1450 lccas/kWh,
respectively. Except for standard rehabilitation of these units, these plants ar expected to contnu
operating through the year 2010 at the present ratings,

18. Pazardzik and Hoskovo Plants. There are no cumrrent plans to complete the constructio
of Pazardzik and Hoskovo plants.

19. Other Opportunities for Electricity Generation. There are several smaller districtheatg
plants which generate electricity and several other gas fired district heating plants which currently produce
only hot water. These gas fired hot water plants offer a potential for gas turbine conversion and are
included in the table furnished by the COE.

Industrial El=n

20. The major industrial plants that produce electricity in a cogeneraton mode re: a
petroleum and petrochemical processing plant in Burgas, chemical plants in Deymia, a chemia plant in
Svihhtov, a metallurgical plant in Kremikovsi, a petrochemical plant in Pleven, a tires and fabc plant
in Vidin, a chemical plant in Vratsa and a fertilizer plant in Stara Zagora In 1991, all these plan
combined with other smaller facilities generated about 3547 GWh. The reported total installed capacity
for industry for the same year is 1040 MW. This results in an anmual utilization of 3400 hours for the
total inslled capacity. ITis mediocre utilization is due to lack of availability of feed stocks required to
operate these industrial plants. The plants at Burgas, Devina, Kremikovsi and Starm Zagora use or have
the option to use natmul gas as the primary fuel. Therefore these plants are cdid for gas turbine
combined cycle repowering. Preliminary estimaes for repowering capacity were made by matching gas
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turbinelheat recovery steam generator output to the rated conditions of existing steam turbines. Gas
turbine and waste heat boiler capacities were determined by prorating the performance of a stadard
industrial gas turbine. The major industr plants that cogenerate electricity in substantial quanties ae
Burgas, Devnia, Svishtov, Kremikovsi, Vidin, Vratsa and Stara Zagota.

21. Burg. Burgas plant is the largest petrochemical and petroleum processing plat in
Bulgaria. Currently, the plant is operating at reduced capacity because of lack of feed stock. As the
Bulgarian monetary and policy situation stabilizes, this plant is expected to undergo modernization. Ths
plant has a large need for process steam. For example, the reported average hourly steam needs during
winter and sunmmer are 1060 and 850 tons, respectively. This plant has two units of 60 MW and two
units of 50 MW each operating on natural gas and/or fuel oil. These units are prime candidates for gas
turbine epowering. The estimated net capacity after repowering is 1,082 MW. The estimated heat rates
are in the range of 1500 to 1825 kcal/kWh.

22. )evnia. This is the largest cheemical complex in Bulgaria. Major products include
calcinated soda, soda products, sulphuric acid, phosphoric acid, chlorine, PVC, etc. The units in this
complex are planned for modernization. The plant under normal conditions requires 1577 tonh of steam
for process purposes. But, after accounting for steam generated from available internal waste heat, a tota
of 1324 tons/h is needed from externally fired boilers. The plant has several cogeneration units, some
operating on coal and others on natural gas and oil. Repowering opportunities exist for units opeg
on natural gas and the estimated repowered net heat rate is in the range of 1250-1390 kcal/kWh. The
estimated cost for repowering is US$350/kW.

23. Kremikovsi. This is the largest metallurgical plant in Bulgaria. The plant is in need of
modernization. The cogeneration plants use natural gas to produce steam and electricity. The esimed
repowered capacity for this plant is 486 MW at a net heat rate in the range of 1230 to 1600 kcaslWh.
The estimated installation costs are US$310/kW.

24. SYib. This plant produces fibers. It has one 60 MW cogeneration unit. Tis unit
uses coal for energy production.

25. NHK PIv. This is a petrochemical plant and has a 60 MW cogeneration unit and uses
heavy fuel oil for energy.

26. Xiain. This plant produces tires and fabrics and uses imported coal for energy
production. The plant has a two 30MW cogeneration units.

27. Yrt. This is a chemical plant which has two 30 MW cogeneration units. Natura gas
and fuel oil are used as fuel for energy production. This plant has repowering opportunities and the
estimated potential is 284 MW. The estimated cost for installation is 274 US$/kW.

28. Stara Z Tor. This is fertiizer plant and has four 6 MW units and two 12 MW units.
Currently, the steam for 6 MW units is generated by lignite-fired boilers and the 12 MW units by gas
fired boilers. Both the units offer a potential for repowering. The esdmated repowered capacity is
720 MW.

29. All Qers. There are several small cogeneration units with a total capacity of 55 MW.
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Qpraftan d -Maintenance Practices

30. Eneo Remont, a government owned company, is responsible for all major mainance
of the power and district heatn plat. in geeral, once in five years e plants undergo a major
reconstruction or rehabilitation, colloquially known as UDouble Genera Remont. During this
maintece period, major parts in the boiler are replaced, the turbine is overauled, other e ment
replaced or reconstructed and tested for performance. Ite expected iciency improvement from this
major recouction is to achieve an efficiency only 4% less than design. Energo Remont bas several
facoies which provides services needed for this rco on and also ma tes several major items
of equipment used in these power plans. Another ornizadon known as Teh Energy alo assists in the
design and production of small spare parts associated with electical and controls equipment. Bulgaria can
manufacture 60% of all its power plant spare parts requirements.
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1. Thereare 1,975 MW of hydroelectc capacity in Bulgaa, makig up approximely 18 %
of the COEINEK's total inswlled capacity. Altogether, there are 87 operatig hydroplants, however, the
11-largest plants ave 77% of the capacity. The largest single hydrpower ptoject is the Be lmm-
Sestrimo-Ca hydropower complex (Rila complex) located in the Rila moutains. It currenty has
735 MW of capacity splk into three sepate plas (Belmeken, Sestrimo, Momna Ilisur and acounts
for 37% of Blgaria's hydro capaci. Mme aeoond big hydro power complex Is the so called Vacha or
Rhodope complex located in the Rhodope Mounins with four opeating power plant (Dospat-Teshel,
Devin, nonlvmnovtsi, Krichlm) and total capacity of 380 MW. Ihe thi large complex is the Arda
river complex with thee power plants (Stdn ladee, Ivaiovgrad and Kadizhali) with a total capacy
of 274 MW. The avaRable hydr capacity depends largely on the water supply in the reservoirs. In the
winter of 1991-92, available hydoedectic capacity ws between 750 and 900 MW, wel below the total
installed capacity, due to the drought in Bulgaia In 1990 and earlier which resuted in the partal depleton
of the reservoirs. hese capacity figures are based on normal opeaDons on a mohly basis that would
meet sprn minimum reservoir levels needed for municipal and agricultra supply. In fact,
instantaneou capacity can and did increase to approximately 1500 MW or above, though at a penalty to
geeation during other periods if minimum reservoir levels are to be met.

Hydro Power Stations in Operati (over 5 MW)

Ito. Yo bvowg is ta olled Desg Actual Av. Actul
of statios In Opraetics Cm"aity Anual AnnuaL D dsi

so ftt tive astEn Orntlcs Since (NW) Gbner. G4netatiec Gborattinc
Ohez 5 NW (YeOr) (SOa) (SWb)

1 76 Ul1s ke est- 1924 S.50 29.00 29.80 102.768
2 16 laker ssime.onv 1927 6.26 49.00 35.41 72.z7
3 76 Elska lilt 1i20 10.00 41.50 47.76 115.061
4 s6 VAG" Yach - 1 1833 14.00 21.60 21.88 101.30t
S 17 lskar Fbl Tsarkva 1934 7.80 43.00 38.00 0o.47n
6 8s Cbya Asenitac - 1 1951 7.20 30.00 24.04 63.1,3
7 1 Los litek 1852 5.45 14.00 13.77 98. 368
6 32 Rositas ositsa - 1 1954 7.50 22.00 21.04 69.732
9 63 TurWda * .Diaitrav 1055 7.00 17.00 13.00 70.47V

10 64 ITadJa Stara Zage. 19es 22.40 n.oo 59.24 82.28S
11 6 Darea Setsie 1956 S.90 34.00 24.52 72.12S
12 19 letkr Pasarel 18S6 32.50 77.00 ee8.2 66.091
13 20 lukes Ickalyan. 1956 22.40 73.00 73.78 101.075
14 5 B rsie ratroban 1857 6.00 33.00 25.03 75.852
15 16 laker 3B1 laker 1057 1S.60 42.00 20.81 70.66$
16 48 Stare ratak 1957 40.00 167.70 1216.62 75.50O
17 71 Ad" Stude 185 62.40 217.00 186.76 67.451
16 49 Stare 3ledne 1959 128.00 440.74 330.66 77.072
19 50 Stara peabtrs 1050 64.90 202.05 136.19 68.39%

20 57 topolnita Alsko 1962 8.00 29.00 21.56 74.341
21 70 Arda TOpclnOiA 1964 106.40 165.00 114.34 69.302

22 65 t?dWJ aroaly 1S65 14.40 32.60 16.36 50.251
23 72 Ara Jirebtabv 1ess 106.00 217.00 175.72 80.982

24 0 so 8.3trita Ivailogra d 1069 21.50 71.40 57.05 70.06X
25 61 8.Biatritso bpsa- Lak 199 20.00 60.s0 57.41 62.60t
26 62 8.9i2t1ita LilyAovo 1071 14.20 48.10 3t.66 60.375

27 51 YVah andaki 1972 60.00 116.20 102.10 61.43Z

28 55 Vacht Teshel 1972 7.00 21.35 25.40 77.24X
2 54 VYac vYa - 11 1973 80.00 197.40 164.03 83.551
30 46 S"triaka Kritoci* 1974 240.00 421.00 231.00 52.492
31 47 wliv. Setrio 1074 120.00 106.00 100.00 55.052

32 53 vYach Hminas lUSu 1975 160.00 245.00 167.96 88.532
33 45 triva AntanivwactaI 1976 375.00 "56.00 306.00 55.04X
34 87 l.listritse Salaken 1061 28.00 05.00 55.64 56.572
35 52 Yacht spoAdhv 1s06 60.00 122.00 69.80 57.212
36 86 P.9istaitae bev 1s02 21.20 70.80 0.00 0.002

TOTL. 1936.53 4350.94 3016.51 69.33X
_ - - - - =
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2. n 1991, which a was poin out above was a dry year, hyd ectric plans in Bulgari
geusrated 2.44 TWh, 7.3% of total electricity geeation by the COE and 6.3% of total electricity
generated in the counety. Based on the rAte capacities of instaUed units, hydroelectric plants shunld
genate 4.5 TWh in avere preipiato yeam and 1.9 TWh in dry years. t appears dat the
economically exploitable hydropower pottal in Bulgaia is app el 10-12 TWh. However, this
figure dqen very much on the agg economics of hydropower and the value of the services it
provides in addition to energy, som of which are ianeous start-up, opina flexibilty, load-
following capability, peaking operability in a stopst mode, and load management through pumped
storage.

3. Considerable hydropower capacity is under contruction or desigp In Bulgaria. Pumped
storage -apacity of 864 MW are under constuction at Chaim which is part of the Belmeken-Sestio-
Chaira complex. The first two uni at Chaia, 2 x 216 MW, are almost complete and NEK has diwcated
thatthey will be completed by April 1993. The other two unt, also 2 x 216 MW. ars scheduled to be
completed in 1995.

MAMlmde am Hyomo Scheme

4. This development occupies the north-eatn parts of Rila mountain and with its total
potenal of 2200 MW and potential annual electricity generation 3947 GWh is the biggest hydro power
Complex in Bulgaria. Breakdown of phases of development is follows:

- PhaseI 735MWf1190GWh inopueationsincel974
- Phase II 864 MW/1180 GWh under construction (pumped storage)
- Phase m -270 GWh preparaton
- Phase IV 600 MW/1203 OWh plannd

S. he main reservoir of this project is Belmeken which will also serves as a head pond of
Chin pumped-sage power plant (second sge). Bemeken hdrogpounwed-one ov
at= is the first stage of Phae I of the development wih a tota inslled capacity of 375 MW and 560
GWh ual electric energy generadon. Its urbines operate under a head of 730 m. In its powerhouse
are insalled five set8 consisting of three pans - urbine, genor and pump. Pmp capacity of each of
the three coonent sets in the pumped-sge power plant is 52 MW. The second stage is Sestimo

nrpowe ggm g with an instlled capacity of 240 MW and gneation of 430 GWh dectric ene
annually. The thid stage is M{miaIZisuapower plat with a total isaled caity 120 MW. It has
two 60 MW vertca Francis tbines and geneaes 200 GWb electric energy auly. The turbines are
desiped for a head of 251 m.

6. The operational results for the period 1976-89 lead to make the following conclusions:

- Water divered and nt used for power generation from 1976 to 1989 amounts to
1031 mdliion m. In recent years these deviations mun up to about 30% of the flow in the
cascade. lTus, 140 million W' were divere in 1987, 100 million na of thm for waer
supply to the capital Sofia. Tbis has resulted in average annual loss of unproduced
ener of the order of 218 GWh.

- In recet years thee were some cages with respect to the ole hydropower pls play
in coverg power syses load. This has found its erssion In extending the duration
of the day-time peak and backing up of failed capacities in the na s porwer sytem.
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- Sesttimo plat opaes at maximm capacty 200 MW intead of the dedi capacty
240 MW. A reconstruction of the trbines and the gnerats will result in increasing
power plant's capacity by about 40 MW and generation by about 64 GWh. In order to
increase geneation the reconstuctio of past of the equipment is planned.

7. For the major pumpe-storage a ), th upper pond is Beme and the lower pond
is Chaira dam (completed), with maximum geodetic differc in water levd deevadons being about
700 m. The undergroundmachinehall is22.S m wide, 111.35 m longand43 mhigh. Pour sio-stage
pump-tubines, each 216 MW when genating and 195 MW when pumping, will be Insaled in it.
Equipment for the power plant is beingjoinly manfatred by Toshda Corporation (Japan) and Bulgarin
engineering work. In the transformer cavern (12.60 m wide, 96.20 m long and 19.55 m high) wil be
installeL six power transformers. Duration of Chaira pumped-storage power plans conuous operat
is limited by the swage in Its lower reservoir, Chain, with useful storage 4.37 millio l wm h
guarants maxlmum duration of operation of 8.5 hours when generating and 10.7 hours when pumping.
With the commissioning of this power plant, the nation's dectric power system will have anothr
powerful hydropower plant with excellent load-following actss. The role and the operaig
functions of the Chaira pumped-storage power plant will be:

- operation during the peak demand hours;
- allowing the study operaion of the nuclear and the thermal power plants for 24 hours

during the year;
- overall system regulation of load;
- exchange power flows regulation; and
- short-term emergency reserve in the power system with excellent load-following

characteristics.

S. ITnhearee aoso of of exisdn = Mm a n
where significant efficiency improvem can be attained are as follows:

- AnAlysis of operation and the nece y reco ion and mode on othe hydraulic
stuctures: intake strucres, canals, els. ach step to decrease water losses by the
proper operation of the Intake strucures will result in dectri generation increase.

- Modernization (upgrading) tie main items of equipment in the hydropower plants in
order to increase their efectiveness.

- Provision of altenaive water sources for the main water consumers (except Sofia, this
case is considered separaely below).

These measures requires detailed technical and economic studies which shall take into acoun both the
experience of operation of the eistng capacities and the requirements for Imprvement.

9. Water suly ConWilex Rila Curently, the deficit in water supplies to the capital X
covered by withdrawing water from the Belmeken-Sestrmo power development. This worsens the
power-generating capacity of the development with the reduction teaching 220 GWh per year. If this
sitation continues in the years to come, the approximately 100 million nil of water per year necessary
for the capital will cause a reduction in generated electricity to the of 350 GWh per year from dha
cascade. Considering the additional eleccity geneated from these waters by the iskar river power
plants, the net losres from unsold electricity are esmated at 260 OWh per year, or about 13 million USD
per year. With this in mind, the constuction of the Ria watr supply comlex will result in restorlng
the dmien erv ch st of the Bdmeken-Sestimo power developmen. The new lia complex
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ebnis dt tasfe of 20 smI wat from th Ril iver Io th lW dver. To that end wo
tunnels of dia 3.60 m each and 16 km and 9 km long would be driven Total mv aes cordng to
desg ar about US$22 million -US$18 million for the tels and US$4 million for the otier stuctures.
Th construction prram which covs pro-fesbiity sues, googica invetgatio aong tunnels
wutos, thcal designs and teder , peparatons for the teder and contracting and site
cnestrtin will spread over a ped of four yeas.

IQ9 .oAnaactlvesoludonwhich
could pwv coniderably the operaton of the BomekeSr deveopmet b the transfer in it of
75 million mn In an avra dry year from the Mesta river. The Bulgar Govenmen favors such a
scheme, but k would need to be age with the Greek overame This scheme, together with the Rila
water supply complex, would fl Belmd reservoir at the begnbnmg of the autumn-winwer season. The
additial transfer of watrs i Belmeken-Sestrimo development wl generate about 370 GWh anmnally
on r and thus the 299 MW capact In the xising power plants, currently experienidng water
shortages, wi be loaded to thek full rat. Chena Mea dam would be buit close to towships
(Yakora) nd pt of the waters In the esrvoir could sove to problems of theirh wter supply. The
sheme en th construction of 20 km of tmnels, 2 dams and 3 pump stations. The necessary
caia Ivestment ount to US$95 millan and constuction time 4 years aft agreen is reached
with Gream.

YAut HMk== Scheme

il. The power plant of tbis scheme utilize the energy-poducing potential of the river waters
In the central and the westr parts of th Rhodope mnain After laving the mountain these wers
are utized for Irigatin and war supply. Until 1986, six power plants with total ited cacity of
about 400 MW n-d annual eltcty geeration 774 GWh have been cmmisoned. The development
Incorporates tdo "owing projec

A. Dospat - Devin section. I operason; it conpises:

Dospat - Teshel hydropower developmet cotg of Dst reservoir which
stores 440 million in, pressue tumnel 46.2 km long and Teshel power plant -
instlled cacity 60 MW, annual generation 166 GWh, head 246 m, discharge
26 m'Isec;

- DeviD power plan: installed capacity 80 MW, anmual electricity generion
122 GWI, head 156 m, discage 73 nm/sec;

- Osina sWpply condult presendy in deign, to asfi 10.07 million mn of water
from Oia river into Dospat reservoir thws increaig electricity generaon of
dh exstg power plan by 21.5 GMh; tbis figr will become 24.8 GWh after
constuctn the Srda Vacha secion.

B. Sredn Vacha section: under prpaation; two vaian schemes have beean developed:

o of pumped storage capacity; it comprises:

- lTsnkv Kamal hydropower projec comprsing a rservoir storing 130 million
1n1 and a pumped-torage power pla at the foot of the dam - instlled capacity
4201352 MW (4 reversible pump - ubines 105188 MW), annual electricity
geneaion 842 GWh,. anna consumption 985 GWh.
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- M bhakovo hydropower project comprisig a 12 million m wate stoae ad a
power pln at the of the dam with installed capacity 35 MW (2 tubin of
17.5 MW each) and annual electricity generation 56 GWh.

(O) Coostruct}on of a hydropower prot-ct consting of a dam odin
130 million e' and a conduit - supplled hydrwpower plant with Installed capacky
90 MW (2 turbines of 45 MW each) and annual generion 183 GWb.

C. Dolma Vacha secton: in operan, It comprises:

- Antonivanovtsi hydropower project consisting of a 215 million n wamt stworW
and a hydropower plmntlpuped-storage power pla at the foot of th dam whh
to nstalled caqcity 160145 MW, amnal eecticity gerain 245 GWh,
annual electricity conmpion 100 GWh.

- Krichim hydropower project consisdng of a 15 million min wat sorage, conduit-
suppiled hydropower plant Krichim with inslled capacity 80 MW and annual
electricity generation 195 MW, as well as two small hydrpower plans (Vacha 2
and Vacha 1) with total installed capacity 21 MW and electicy gna
44GWha.

AaHMkgoowe Schme

12. This develpent is situated in the southe most parts of Bulgaria, next to the border
with Greece and Turkey. I consists of three big hydro projects, each one compdsig a reservoir and
a power plant at the toe of the dam. The river carries 2500 million mi in a year of aveage rainfall. Mm
higet power plan is Kardzhali completed In 1964. noe reservoir ha1s a total capacity of 533 millioR
ma nd the instaf capalty is 106 MW. Under an average head of 80.S m, the desigs deicty
geniatlonshodd have been 165 GWh. In thelast 1S year, it bas been 119 GWh onthe aveage. The

rt hydro project, Studen Kladenets, was completed in 1958. The dam impounds a total of 489 millon
W. lbhe power plant has an insaed capacity of 60 MW and should generat 217 GWh at an avra
head of 59.5 m. In recent yeas, generation has been 180 GWh on the average. In 1966, Ivailovrd
was completed immediately before the botder with Turkey. This reservoir has a tal vome of 180
million mn. The power plant has an installed capacity of 180 MW and geneae accrdn to deds a
tot of 217 GWh. Average head is44 m. However, annual generation in the IS 15 years has bee 162
GWh on the arage. The lower generation of Studen KMadenets and Ivailovgrad power plants is due to
the smaller flow than the planmed one, lower averae head at the power plants because of intenive water
reases from the reservoir and the worsened efficiency of the machines. In the case of Klarduiali
reservoir, an additional problem is the need to maint lower water levels for dam safety.

13. The planmed development covers the stetch of Arda river from Sredwogorti viage to
the back side of Kardzhali resemir. The construction sme enviges four Astges: Madan, Ardo,
Linbio and Kitiau hydropower projec. Total inslled capacity is 175 MW with annal electicity
generation 485 OWh. A very important feature dti ng Arda river from the other rives in
Bulguaa is the seasonal coincidence between the maximum river flow and the hihest elecricity

_amumpdoe during the winter season ths allowing considerably smller stornes fot nud retion
of wateos. Te power plts will be operated only according to the needs of the nationWs dectric power
systm. Madam hydropower project is the upper - most stage of the cascade. I consist of Madan
reservoir sorig 135 million mi, undaergod pere tel 700 m long and Bial Izvor hydropower
plant - Itled cpacity 46 MW, annal generation 110 OGWh, head 88 m, disge 62l sc. Ardiuo
bydropwe prqlet is the second stage. It consist of a power plant - inslled capacity S1 MW, anna
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generatlon 150 GWh, head 88 m, discharge 68 of/sec -and a 108 m high concete arch dam hmpouding
93 milolo mi of water. Uublno hydropoww project is thetWd stage. It coist of a 56 m high dam
impoundIg 13 million mn and a hydropower plant - instled capacity 22 MW, annua genatn 66
OWh head 38 m, discag 68 m'/sec. Itnlia hydropower project is the lower - mo stae. It will
consist of a 72 m high dam impounding 32 miion ' and a power plt at the foot of the dam - inalled
capacty 38 MW, annual geneation 106 GOW, head 55 m, dichae 80 m/sec. Beside the above power
plas, another te run-of-river power plants will be built: Siogortds - inalled capacity 66 MW,

nual goneion 22 GWh, dischge 30 m/swc, head 26 m - taking water from tee Intake structures
on Arda, Chena and Madanska rivers. MNlk Arda on the tiver of the same name - installed caqciy
3.2 MW, aual gertion 12 GWh, disge 2.8 mJisec, head 13.7 m. Pumnopol s at the back sld^
of Kadahdi reservoir on Davidkovska Malka Arda river - installed capaciq 6.8 MW, amual genation
21 GWh, dIscharge 7 mn/sec, head 114 m

EydrR Power ComDexes, on the Danube River

14. Danube river s the northern border of Bulgaria with Romania. Tbis strch of the river
from mok rv to the town of Silistra is 471 km long. The geodetic head at the average muld-annua
discharge 21 m and the average slope of the river in the Bulgaian-Romanian section i S cm per kmL
he avge ana How I of the order of 173 bilion mi. Tis means a hydropower potenti about

10,900 GWh, out of which 4,000 GWh can be utized by Bulgaria.

Ihe chaa scs discharges of the Danube in that sutch are:

average mult-annual discharge about 6,000 m2/s
average maximum dicharge about 11,000 i'/s
aveage minium discharge about 2,000 in/s
maximum dischge through that stretch about 16,000 in/S

From thejoint Bulgarian-Romanian design studies and investigations of the Danube river,
there is a plan to buid two hydro power projects - one at Nilmpol-Tunu Magurele and one at SBistra
Kalarh. These hy&tto power complexes would yield the following benefits:

- electricity genadon;
- provision of water for the irrigation of lands in Northern

Bulgaria;
- provision of ater for the supply of industries and households;
- ensuring navigation throughout the whole year, thus allowing to increase load capaciy

of the vessels and eliminate losses from stoppage of navigation or partial loadiag of
vessels; according to 1987 data losses amounted to US$500,000; and

- socid efects from the improvement of infrstructre and coications.

The studies made envia the following struct for each of the two projects:
- two hydro power plants (one for each country);
- two overflow concrt dams;
- two navigation locks;
- an eardl dam In the center of river bed and dikes connecting to he banks;
- railway and highway interconnectng Bulgaria and Romania;
- eilectric and telecommunication links between the two countries.

15. Along both banks of the reservoits protection and drainage strucures would be buit and
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_aUa_ _er Niopol- Siitr-
Tur Maguree Ka s

Retention level m above sea level 30.75 18.65
Desg head m 9.9 7.6
nsaled capcity in power plant
of each country MW 400 265

Electricity genaton in power plant GWh 2193 1640
Capaity investment in Bulgaian pa milon USD 6W S0

Bi~& Cout

Inav s 54% I- i|nx70%
Agricture 20% Eletion 3%
Taupotaon 17% iS Locald m s 3%
Social baneR 6% mpoded mso nd equip 14%
Inlut 3%1 | 0 s 10%

Tearalo, of nom,asumberod dtbackto tpromjwet Ilnhighcostl afloodbigof l.
A m thom ough costibast analysis nmeds to be canied out, but It Is not at al car that benfi out weigh tl oats

NMla H3*90=we PeOW9Men Scheme

16. ka ver s iamong heg big t rive In Bulgaria It comes fm the Rila mountin and
empties in the Danube. Itsota length is 368.8 kn, with a fal of 2,414 n. Mhe r c_atm area
ocpies a teitory of 8,366 k In west Bulgari The part of the riv of intr to buid smal
power plat Is a stretch of the Ikar canyon crossing Soa PLaina mounain betwee the tos of Novi
Iska and Cherven Briag. This stretch is 149 km lwg wih a fall of 413 m or 41% of total faJl. Avage
slope of dver in this stetch is 2.77%. Ihe water ca t aea n s about 7,000 ki' coving the part
of the Fore-Ban, western Staa Plan and the Danubian rolling plain betweean waehds of th
Ogsta river to the west and the Vit ver to the es. In Its upper coure, dte sa river flow is typically
mountainous, and in dte middle course, it is deformed under the influence of t Isekar mult-anua
baancng resewvoir on one hand, and the Sofia field and the low hills surund it on the other. The
average flow in the considered strech varies between 716 ni in the upstm section and 1,600 in in
the downsteam section, the average dischge vying frm 22.7 m'isec to 50.2 msIsec, rspectivey.

17. Exiiug H3d=m PI . Thus far, three small hydro power plants have baen built
with a total i ed capacity 2.3 MW and anmiua lectity genertion 13 GWh, a folows:

- Mezdra plant new the town of Mezdra, head 8 m, totl bstalled capcity 2.0 MW,
annual dectricity geneai 10.4 GWh;

- Roza plant new Oslets rway station, head 3.6 m, tot Inlled cwcity 0.16 MW,
annual delticity generation 1.7 GWh; and

- Iskra plant near Roman riway station, head 3.6 m total Istalled caacity 0.18 MW,
amnual deacty geneaton 1.0 aWh.
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18. NM SmWi Po . In the prefeasibiity suy of 1982, 49 new sites for low-head
hydro plans were explored. Total italed capacity will be 133 MW with annual electricity geneaion
712 GWh in a year of average hydrology. 'he amnual hourly udlzation is 5,700 hrs.

These small hydropower plant would be constucted in three stages:

Stage 1- 1993-1994 five plants with total installed capcity 21 MW and anud
electricity generation 120 GWh;

Stage 2 - 1994-1996 nine plants with totl installed cpacity 24 MW and annual
electricity generation 134 GWh; and

Stage 3 - 1996-2000 35 planus wih total iostalled capacity 88 MW and electricity
generation 457 GWh.

Sum5inzed data about the plant to be built at stage 1 are as folows:
- desin dihge (per plant), 48-60 m Isec;
- total design head, S1 m;
- total installed capacity, 21 MW;
- total eletricty generation, 120 GWh;
- hourly utlization, 5,600 hrs; and
- toa Investment US$21.5 million.

19. The feasibility study covers the sttch of Wa rive from Cherven Bra town to the
river mouth at the Danube river. The considered streh has a fall of 60 m and a length of 80 km, or
22% of total river length. Average dope of river In this stretch is 0.075%. In this stetch, only one
hydro plant has been so far built, Koinare, utilized discharge 30 mefsec, head 6.4 m, installed capacity
2.1 MW, electricity generation 9.8 GWh in a year of average rainll. Ihe river's natu flow, in its
lowr course, varies between 1,649 mIllion nil at Chomiakvtsi site and 1.779 million mi at Bregare site.
Power studies have revealed that the instind capacity of 22 MW can be utilized 1,459 hours annually
in the peak periods. In the remaining 2,361 houws, electricity will be generated during the day-time hours
- beyond both peak. Total electricity generation will be 91.0 GWh in a year of average hydrology. The
available potential in the lower course of Islar river would be utilized by seven small hydro plants.

Small Hydro Planu In the Plain Strch of the MaH l River

20. Ie Maritza river is the dver with the biggest flow entirely in Bulgaria. Its average slope
in the Pazadhik-Svilengrad etch is about .01% with a eatunent area 16,720 km2. lhe investigated
stretch from Pazadzhik to Svilengrad lies in the Thracian lowland. Here the river crosses the Plovdiv
and the Stara Zagora fields and the Haskovo rolling country. 'he section upstream of Pazardzhik is of
no iterest to hydro power development because of the small river flow. The constuction of 20 small
hydro plants Is planned. The stages follow one after the other, and have low heads ranging between 4
and 9.6 DL The design discrge through all turbine sets has been assumed the same - 40 m3/sec. A
series of dikes will be buflt to protect the lowlands against flooding which is unavoidable when raising
rivet lvel by 4 to 10 m. Average anmual utiizability of installed capacites would be 2,700 h. The
hydro plas wll opera durig the peak and the medium-load hours, depeqn on the multi-anumal
sesonal and daily regulation of the utilized river flow. Total installed capacit would be 220 MW. In
a yer of aveage hydrology, anual dectricity genertion would be 597 GWh.
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Sowerd2Q Schem

21. The Suma river stua at 2,180 m above sea level frm the southern slopes of Vtosha
mountin Its water catme a has an verage height abov sea lewd 900 m and is purely
mountainous In character. The c m aea is surrounded to the north by Viosb, Plans, Veria and
I== mounti. Ihe Struma river vaUey, in its middle couse, s bounded by the wester pas of the
Rila - Rhodope mssf t-etween the eastern flte dopes of the Osogovo-Beastsa mounain range and
the wester faulted slopes of Rlla, Piun and Slavika mountains. The exlod strch of tie river
covers three canyons-Zemen, Skl and Kresa. Stage I covers Zemen cayon. A total of 10 low-head
run-of-river power plats are envisaged for cousuctn TIheir tot head is 79 m, rver dope nthis
setch being 100 m. Total itlled capacity of pla Is 12 MW, and total decricity gaion 48 GWh&
in a year of average hydrology. The next stages of covers Skrin and Kresa canyons. In th case, the
possibility of conaucting aother 17 lowhead power plant with total isled capacky 47 MW and total
annual electricky genemion 199 OWh in a year of average hydrology has been considered. The amual
utilizability of the plants is about 4,000 hour. Design discarge is between 10 md 60 m3/sec. Total
installed capcity of the power plants of Strum development would be 59 MW, and their annual
electricity generation 238 GWh.

22. Following the preliminay asm of the opating hydropower plant under
consideration, an eimation of the potentalities for upgrading of each power plant was given, including
further studies to detail the respective measures which will result in capacity and geneaon Increaes I
each power plant The following studies would be requred:

- 'Measure of sets efficlency, pressure and seep lse in water conductorsstem,
Iluding the proement of a complete set of meurig equipmenw

- Post-msuement moicatin to icrease de ticty genesation:
* repak of runne
* rephcement of runner
* cleaning d Insldation of penstocs
* repair of supply cond kis.

- Refurbishment and upgrading of:
* pressure off supply equipment of butterfly valve in valve chamber
* axial beins of hydro sets
* repair seing Of spherical vaves
* sealing of butterfly valves and their control system
* speed governors by using their own conol sysem
* btt sealing to tubine s
* excItaton system of hydro sets and voltage governors
* system for power joint control
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Replacement of.
* pumps, compressorS and filters of cooling war and parsed-ir sytem
* seasing of pump saft to thcom turbine sets
* seading of joints of pressure penstock
* gates to lower balaencig pond
* o proecdon of pressue penstock
* anti-corrosion protecton of structues
* generator circuit breakes
* disconecting switches
* decical equipment in outdoor switchgew
* aomatic synroion system
* equipment for secondary wiring
* detectors and eqipment for speed - following of set
* insulation of generator stor windings
* voltage governors
* level m _uremew: system
* sysm for automatic fire exnguishing of the field
* instrumentation and automaic control equipment
-ntallation of:
* level indicas In upper and lower balancing ponds
* venlaton system
* system for power joint control
* stationary fire i sing ystem in switchyard
* fish protection stucturs
Repair of:
* gantries and platform in switchyard
* water conductor system (canals, tnes and pipeines)
* civfl strucues to remove leakages
* power transformers
* disconnecting switches of outdoor switchgear
Contuction of:
* retaining walls on slope to switchyard, power plant and river ban
* civil works to removo leakages
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BULGAI

TRANSNL%UMQ SYSIM TA1 U AND PERFORMANCE

The Cur TansmissiopSn

1. The high voltag system consist of 400 kV and 220 kV systems, but with one 750 kV
interconnecdon (tie lin). The subasmission levd is 100 kV and lower. In this report, aton i
focused entirely on die 400 kV and the 220 kV system (the High Voltage systm) which cons_bt the
bulk power tansmission system.

2. The Inernal High Volte Systn. Both the 400 and the 220 kV ystem form a closed
loop configuation respectively, which essealy covers the entire country. The 220 kV system has
several alternate paths tt Cone intermediate nodes of the main loop. The tamission system is not
a bottleneck. Adequate transmission capacity is available to meet demand.

Baki Deskon and Statistdcs.

3. A bri desption of the current Bulgarian System is given in this secdotn. The 220 kV
network was staeed in 196311964 and was essenally completed about 20 years ago. The 400 kV
network is more recent and was started in 1973 and completed in 1984. Obviously, there has been on-
going work, some expansion and upgrade, but the major portions of the systems were considered fnshd
by the dates indicated. 3) missies, The total length of the 220 kV system is 2283 km, that of
the 400 kV system is 1844 km and that of the 110 kV system is 7809 km (overhead) and 44 km (cable).
The portion of the 750 kV lines within Bulgaria has a length of 85 kn.

4. High Ylt Substations, The ummber of high voltage OM substations are:

* eIghte 220 kV
* eight 400 kV
* one 750 kV

The table below shows the list of tho HV substations In Bulgaria.

Hi Dh Vole AIn Bulgida

Aleko Kremikovtsi
Antnlmno'tsi Kula
Balkn Mada
Bedmeken MarUZa toDk
Blagoevgrad Maritza Iztok 2
Bobob Dol Metalurgichna
Boy vt Mizia
Braznil Obraztsov Chiflik
Burgaz Petrikh
Varns Pleven
Vetren Plovdiv
GAES Cbira Pyrva Komsomolska
0. Qakhovitsa Radomlr
Devin Sestrio
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Dimo Dichev Sofia Zapad
DMZ Sofia lug
Dobrup Stolnk
Zatitsa Tryrditsa

azichene TES Sofia
Kanobat Teshl
K. Georgiev Uxuadjovo
Koziudui d

lrboe are a total of 263 substaton at the 110 kV level. AU of the counts reflect the highest voltage at
the substto

S. IsThe nmber of 220 kV transmers Is 37 and there are 25 400 kV
transformers and two 750 kV taforms (each consit of three single phase units). The total
nsalled capacity of the transformers were made by TRO of the fonner East Gemany and are rated at

630 MVA. They are of single phas design. There is a spare single phase unit avaiable. The newer
400/100 kV nsformer are of 3 phase desig and wer buflt by TRO. The tmsfomers have proved
to be quite rdiable durizg the twenty years of service.

6. Itaformers of two typos have bee pursewd from a Ukminian company. One Is rated
200 MVA, 220/100 kV and t other 250 MVA 400/110 kV. Tity 200 MVA and four 250 MVA

have been isalld. 1 the spig of 1992, a Mulgarian ransfmer rated 133 MVA per
phe was talld at Zlatlisa.

7. S l=RUMMW M Ther are several shunt reactors instaled throughout the
Bulgaian networ. Tere a t reactors at:

N.PP Kozloduy - 3 uni
Stonik 3 units
lizia - 3 unr

Dobrudja - 3 uni
TPP Dimo Dichev - I uni
SofiaWet - 2 uni
B 4goevgrad - 2 uni
Bus - 2 unts

Ihe reacts at Sofia West, BlaoevirA and Burpas are conn d to the teriy winding at 31.5 kV.
Each shunt reactor unk is 45 MVAR.

8. Static Var Co are insalled at VARNA 750/400 kV substaton. Ihey are
conneed to the tertiay widing of the 750/40/15.75 autofomers and opere in the range
100 MVAR (edctlve) to 200 MVAR (capacitive) for each of two uni.

9. a All brakes a air blst and are made by TRO of the forr Est
Germany. Al 220 kV breakers ar rated at eIher 10,000 MVA or 15,000 MVA. There are no known
poblems wih teupTing capability.
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10. The 400 kV breakers were also buit by TRO and hae a rating of 25,000 MVA. The
ntepting capability of these breakers s also considered adequate. There Is an annual checking
progrm for maintece. The 400 kV breaker at Kozloduy has been replaced by an SF6 breaker built
by ABB, but th has had some problms. The 750 kv breaker at VARNA is o SF6. here s a CB
service center established at Plovdiv. The 400 kV substadons use a breaker and a half scheme.

11. ium 2flt ,Lin. The Bulgatn power system has interonnectIons with the
neighboring counties of Romania, Yugoslavia, Greece, Turkey, and via Romania to Moldova and
Ukraine (both of the former USSR). The tie lines ere as fbllows:

(a) to Romania from Kozloduy - one double circuit 400 kV line and one 220 kV line;

(b) to Ukraine (via Romania) from Varna - one 750 kV line with 85 km to the Romaian
boundary;

(c) to Moldova (via Romania) from Dobrujda - one 400 kV line with 207.7 km withn
Bulgaria. This line is series compensated;

(d) to Greece from Blagoevgrad - one 400 kV line with 72.4 km within Bulgaria;

(a) to Turkey from Thermal Power Plant Dimo Dichev - one 400 kV line with 59.1 km
witin Bulgaria;

(t) to Yugoslavia from Sofia West - one 400 kV line with 37 km within Bulgara;

(j) to Yugoslavia - there are also three 100 kV lines, as follows:

* from Breznick 64.1 km
* from Petrich 49.32 km
* from Kula 40.3 km

12. The Bulgaian power system is part of the Itategated Power System (IPS) consst of:

* Bulgada
* Hungary
* rmer East Germany
* Polad
* Romania
* the Southern USSR Network (Ukraine and Moldavia)
* Czechoslovakia

13. Sse Needs. Because of the age of the equipment, operating and mainteane costs
are increaing. The Blulgan auhorities would like to use the newer gention of circuit breakers, but
becaue of high cost, the teplacement will be done incrementally. Serious problems anticipated with
the ten operating (total of 13) 210 MVA single phase tramsrmers which have been in opraton since
1973. 'They have not been sen for factor rehabilitaton. Only the necesary decical and small repair
has been dono site. These rhould be replacedwithin 3-4 years. The work has already been strted
at Mzia, for which a cont ct hs been executed. Talks have been conducted to arrange factory ftes
in Bulia. Mhe fite 45 MVAR shunt reactors have maitnan problems. They were not adequately

sted n the factoy. Their circuit breaks need to be replaced. It is esdmated that U.S. $10 milion
is nded to rplace the sik shunt reacors that have failed. For some of the 400 kV lines, the conductor
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and groud wire need to be replaced becau of loss of mecanical strength. Due to the reducdon in
industrial demand, the system b experiencing high voltages during off-peak load covditions. Studies have
indicated that 200 MVAR ros are needed at two locations, tentively, Varna and Sofia West.
Currendy, some unconventional mens are being taken to keep the voltages within acceptable limits. In
some cases, this has meant switching out some 400 kV lines and the 750 kV lines and has resulted in
higher losses. All investigations have shown fhat the short circuit levels in the 400 kV, 220 kV and the
110 kV system are below the capabilities of the circuit brkers even with the addition of the new units
at Belene (now cancelled) and with a hypothetcal third nmclear plant at Silestra or Burgas. Therefore,
givea tat short circuit studies will need far more extensIve 100 kV data collection by the World Bank
team, it does not appea that such studies should be conducted when studying the vanous scenarios. If
necessary, NEIC could be asked to perform these studies since the iput is already avaiable to them. All
400 anm 220 kV transformers were made by the ex-German Democratic Republic and are out of
production. There is a lack- of spare parts, so reserve sets are used to replace damage. lhee should be
replaced starting in a few years. There appeas lso to be a problem with disconnects which are operated
by pressurized air. The reliability is not high.

Planne Eumaign of *e Ta;ion Sve

14. Recent studies concted by the Bulgarian epers have indicated that the 400 kV system
will be adequate for the foreseeable future and a higher bulk power transmission voltage will not be
neesary. Purihermore, it is planned not to eand the 220 kV system - fiture expansions will be
limited tohe 400 kV and the 110 kV transmissions. A 400 kV line fom Stolnik to Zlatsa has been
completed since 1989. A 400 l:V line f*om Zlatsa to Kodovo is 60-70% comple"t. A double circuit
400 kV line between Korlovo and Plovdiv was planned, but construction has been deferred. Similarly,
the double circuit 400 kV line between Kodovo and Tsaravetz is deferred. A new 400 kV substation at
Tsaravetz connected to the Mizia-Vana 400 kV line was also planned. This would enable the demand
in that region to be supplied from the 400 kV network instead of the 220 kV network; thereby reducing
trsiossion losses. Aother 400 kV substaion at Dobrich, where a syncnouS condenser would be
installed was planned. The synchronous condemer has been acquired, but is presently not conneced to
the network, since work at Dobrich has been soopped. Ihere were also plans to add 400kV transmission
to the NPP Bdelane, but the cancellation of the later has also resulted in the cancellation of the
trnmission lines. A 220 kV line from Kozloduy NPS to Vidin is under construction. .l is s
configured for a double circuit line and work on this has also been temporarly stopped. It is aboa t ViIA
complete.
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Intermectkms Sa Trate

16. As noted previously, the Bulgaran power system s interconected with all hie
neighboring comtries which are Romania, Turkey, Gree, Yugoslavia and also to Moldavia and Ukrain
of the former Soviet Union. In the past, about 800 MW could be imported from the Soviet Union
(Ukrne) at periods of peak demand witb 4-5 TW Imported anually. Tbis waS im d over the 750
kV line and was under a contual agreement. In 1992, the expected energy import was about 2 TWI.
Ihough because of problems at Koaioduy actua imports wero about 3.3 TWh. The contractuali
agreemens are expected to be renewed anualy. Hiorically, a btatial part of the peaking capacity;
and spinning reserve has been provided by the Interc ed Power System (IPS) of the CMEA'
countries. One justification cited for the use of a 750 kV lin to the former USSR was that it would have
sufficierln capacity to provide the additional generation nseded within Bulgara in the even of the loss of
one 1000 MW unit at NPP Kozloduy. Frequency regulation was the responsibility of the IPS and flow
occurred on the 400 kV and 750 kV lines for thi purpose. Bugaia's trde in electricity with RomaniaX,
Greece, Turkey and Yugoslavia is small. Trade widt Romania is limited because of capacity shortages
in Romania; with Greece and Yugodavia, trade is limited because, while Bulgaria is part of the IPS,'
Greece and Yugoslavia belong to the UCPTE, and IPS ad UCPTE do not operate In parallel. Tutky
is apparendy a high cost energy producer and so trade with it is limited. Thus, the only major trade
agreement is with Ukrine, but there is serious conc about the ability and willingness of Ukraine to
provide the energy and capacity in future years, including 1993.

17. Possible synchronous operion witbin the UCPTE (hence disc ing Bulgaria from
the IPS) will require the Bulgarian power sysem to meet UCPTE reukements for controllability;
frequency and tie line regulato N-1 security, reacive power support, voltage stability, etc. While thb
load-frequency control system is one item in the World Bank loan, and the triparite studies with
Yugoslavia and Greece provide some encoura t about possible operation within UCPTE, fiuthet
studies and upgrades are likely to be needed before this can be a reality. At preset, the optimui
saty for Bulgaria's electric power sector regarding rconnection and trade would appear to be:

1. Continue agreement with Uamine.

2. Gradually upgrade the dectric nework and dispatch and control capabilities to meet
UCPB stalndards.

While electrical generadon is not the subject here, clearty any increases in trnal energy producdon and
imp.rovements in utilization will help to reduce the dependence on imports.
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or fotlant of data; aind (c) addidonal resources required for the data prepaation. As a reslt, some of
the analysis are based on publicly avaiable information and the best professional judgements.

3. The main c teistc of the Bulgaria energy sector Is a shortage of domestic prmary o.g
resources. The country has In abundance low quality lignite, and reltively little hydro potial
compared with its neighbors. This poverty of rsources has led to an extraord ry de oe one
Soviet Union for supplies of every resource and for tie technology to utize them. Most of oil, ai g,
some electricity and even significant quantities of coal were all iported fom the Soviet Union. As a
resul, the energy policy was to concentrate development in the nuclear and coal sectors.

'k,~~~~~~~~~~~~~~~~~~~~~I

1I95 39W '33 . 0.9 7--; ~' .. 404 ' 65.9 -43~ T40.3 i
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4. Ihe secnd important crc is hig ener consumpton due to a high proportion
of power-intensive industry. Of total power use, 43% went to industry In 1989 - half of it consumed just
by the chemical and machine building industries. Mme domestic sector consumes about 20% of all
electricity, while commercial sector take 10%. OtherwIse, a big chunk of the power producion i8
apparenty witen off as losses or consmed by the energy Indusies, pardcularly coal.

5. The safety concers teladve to the Kozloduy nuclear power plant as well as uncertailties
in supply and higher cost of thee imported fuel in combination with deteriorated chaacrstcs of the
generaton capacity brought Bulgaria electricity supply below demand during the winter season. The
supply situation would be critical if Bulgaria did not experience in the sme period sharp decline in the
electricity demand. Electricity impors was complicated by lack of finamcial resources and unreliable
Supply from the Integrated Power System (IPS). Studies done by the Greek, Yugoslav and Bulgarian
authorities have shown that parallel operaton with Greece and Yugosavia (he UCPTE) does not
indicate any serious technical problem. However, this option is also very limited due to blockade
Imposed on Yugoslavia by the UN and the difficult economic siaion In Bulgaria.

6. Three demand forecasts have been preaed in conjunction with NEK.
These are a minimum, a medium and a maxmum forecast presented in Table S.1 and Figure 5.1. Ihese
forecasts assume a comparatively constant system load factor over the forecast period of around 65%.
TChis is comparable with the present load factor of 64%. Ibe forecasts includes auxiliary consumption
within the stations. Generation planning also requires a good representation of the system loading pattem
and information has been collected from NEK of hourly loadins over the past 20 years. These values
have been averaged on a normalized basis and monthly load duration curves derived. Table 5.2 gives
details of load duration curves. System d.emand is higher in the winter than in the summer due to heaing
loads, and the annual peak occurs in December. Detafled changes In these will undoubtedly occur as the
consumer mix changes with the evolving economic situatiomn

7. Existing Power Sstem. The breakdown of the existing generaton capacity of the
Bulgaian power system by fuel type at the beginning of the year 1993 is shown in Table 5.3.
Tables 5.4, 5.5 and 5.6 give informafion on existing thermal units, hydro plants and rehabilitation
program.

Table 5.3: Fixed System Summary of Dependable Capacities (MW)

1 ~~~~~~~~~~~~~~~~~~~~~~~~~oa
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Table S.S: Geraton of theE Hydro P41SX Under Difet Hvdlo Contons
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Table 5.6: Fswd System Thams Additons and Rctr6mwt
(No. Sof Added 1993-2010)

Rk.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~..

MA23~~~~~~~~~~~~~~~~~~~~

8. ~~Candidate Uitsb: The candidate units are defined as those unit tbat are not cufely
firmly comlmitted and thiat could be added tD the generation system before the ed of the planning
horizon. 1The generation system expansion path is opflmize by selecX thie lestcost solution oblaned
using thie WASP model. Ile following were conidered as candidate units: 120 MW gas fired
combustion ubmbie plants, near hydro station (Gona Arda, Sreden Iskar, Srendna Vacha and Nikopol),
rebiabilitation of the thiermal plant (Varna, Bobov Dol and Mart East), rehabilitation/repowaring of thie
district heatig and industi pln Sofia (uni.s 6 and n. Tracho Kostov, Russ (unks 3O. Shumen,
Republika (units 3-5), Pleven, Plovdiv (units 2 and 3), Burgas, Devira, KrembwW, Vrata and Stara
Zagora The chaursics of thie candidates are given in Table 5.7. The district heating and industrl
plants were combined in three equivalent group each with the code name:- KRVS, BURG, I)EVI and
PLEV, REPU, TRAI, in order tD overcome the softae limitations.
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line detafls of the m"ain thermal plants to be rebabilitaed as well as distrct hedg and industia PIants
are given in Tables S.8, 5.9 and S.10. The characeristics of the hydro plants are prosa in
Table S.ll , while the investment coss are presented in Table 5.12.

9, Discount Rae. The, discount rae used for this alysis was 10%. The use of dis
assumption for the long-term planning pumle has been agreed with COE and NlK.

10. Costof4n. rn v . 0Me expected unserved energy is the pobabilisicaly
detemined amount of yearly -electricity demand tha is not supplied because of generating deficiences
and/or Shortages in basic energy suppliers. The cost of unserved energy is included in thie WASP
objective function as a way to consider explicitly costJreliability trade-offis. TWus, if the unit cost of
unseved energy is assumed to be zero, the least-wst expansion plan will follow the mininm allowable
reserve margin. Conversely, if the cost per unit of unmsved energy is assumed to be very high, the least-
cost expansion plan tends to have reJ1atively high resenrve margins. In this study, the basic cost per UDit
of unserved energy is assumed fo be represnted as a function of thie unserved energy. Ihe reserve
matgi and reliability of the power system were not set in advan, but they were obtained as a resul
of the optimization antlcipating the unserved energy cost given as c = a, + A2 EW + AI* DVE, )2, where
Et is total generated energy, and E, is unserved energy. 'Me coefficients were demined as: a, = 0.30
$/lcWh, a2 = 0. a3 =0.
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11. ~ ~Fu .Ed he prices of the fossgl andnuclear fad wL was asumed in the ulysb
are presetd in Table S. 13.

* /k*m3, kcalims ** Ston.
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Table 5.12 SUMMARY OF THE CAPITAL COWSS OF ALTERNAlWES

Combustfion Turble 147.60 221.40 369.00 11.92 3 20
Imported Coal 594.00 891.00 1485.00 19.21 5 30
Combined Cycle 294.40 426.70 721.10 15.03 4 25
Marrtna 62.10 93.20 155.30 o08 2 15
Eobov Dal 72.20 108.20 180.40 a8o 2 15
Varna 7&00 117.00 195.00 10.02 2 15
Kromlkovbs 127.60 191.50 319.10 10.02 3 15
surmgs 125.10 187.70 312.80 10Q02 3 1E
DCbina 146.00 21.00 365,00 10.02 3 15
PIeven 211.10 316.70 527.80 1002 3 15
RFpubica 22.20 33.30 55.50 .08 2 15
Traicho Kosov 13.30 200.00 333.30 1.02 3 1S
FIukdzed Bed 57.00 867.00 1445.00 10.02 2.50 25.00
Nuceiar 1035.50 1551.80 258830 22.6? 80o 30.00

Hh&O Flant cu!Y camX^

SWdenIear 428.20 642.30 1070.50 8.08 2 SO
GomaArda 221.90 332.80 554.70 22.67 6 so
Sredna Vacha 21930 32.0 54820 22.67 6 50
Nikpod S63.80 875.70 1459.50 26.00 7 S0

_ .. .~~~~~~~~~~~~0
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12. Reiabitiq (m_
LOLP). The system reserve margin Fg *2
and reliability are very often given as Opimal Reaty VS Unrved Energy
constraints of the system
optimiation. In our approach, the
price of unserved ener was given at
the outset so that the system reserve S_o
margin was obtained as a result of the X 8
optimization and is consistent with s \
economically optimal levels of the ! |L
reserve margin. A weak point ofthis , as _
approia-h Is that the prlce of the L b i X
unserved energy cannot be precisely 9e *
determied. In order to provide a I l I * l
better approximation, an additional o04 ** * ** * *
analysis has been done so as to obtain 11111. 11
functional relations between long run 9 1 2 4 * O 7 * * X 0
margial cost, unserved energy price Iatio of Unsaoned Eneagy Prio to LRMC
and system reliability (reserve
margin). The system was optimized
with unserved energy ' 3 equal to
NItRMC, N = 1, 000, 10, so as to obtain the system reliability level. The results are preseted in
Figure 5.2. High price of unserved energy will request very higb additional Investment and would have
little incremental contribution to reliability of the system. The economically optimal system reliability
as shown by the resut presented on Figure 5.2, is at around LOLP value of 3 %.

13. LeastCost Eansion Plam. The resulting least-cost solutions for the eighteen cases
(three demand forecast an six nuclear scenarios) for two different options (high and low repowering
of cogneraion plants) have been obtained using WASP/ computer program. Hydro power pltu
generation has been represented by three hydro conditions. A special modification of the load durAtion
aurves has been done in order to represent Chaira pumped storage plant operation. Ihe main results and

conclusions have been already presented In main parts of the report. In this annex, some of the most
important results and analysis are going to be presented in more detail in the form of tables and figures.
Tables S.14 - 5.16 msent generatons of different generation unit types (ydro, thermal, nuclear, district
heating and industral plants) over the period 1993 -2010 for the scenarios 1, 3 & 4 (ow, moderate and
high nuclear scenarios). The generation of all hydro units corresponds to the average hydrological and
plant avaiability conditions. The possible anmnu variations are taken into account but not presented.
Tables 5.17 - 5.19 presents average annual fuel requirements. The Tables 5.20 - 5.22 give the
breakdown of the total costs in the period 1993 - 2010, as well as present values of the total system costs.
These tables are followed by the Tables 5.23 - 5.25 which show the least-cost plan generation plants
commissioning dates. Following these tables are the Tables 5.26 - 5.34 with generation of the individual
generation plants in the period 1993 -2010. The Figures 5.3 - 5.5 illusaes the capacity development
for three different demand forecast and scenarios 0 and 5. The last three Tables represents the
breakdown of the ttal system costs for the low repowering option (imited gas) in the period 1993 -2010
(rables 5.35 - 5.37).

41 / Wien Aut=etic System Plaming Packge (VP), a Coqputer Code for Proer
Geweration System Expasion Plaming.
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HYDRO 2446.12 2446.12 244612 2446.12 2445.12 t445.12 2445.12 204.78 20478 26678 2664.78 2684.79 2684.78 20478 2084.78 2684.78 87.1 8157.1 _THERMAL 12400 10024 s070.71 107840 1101 260.1 2406 24004 240241 2561 26_ 2638 260.1 27210* 27401.2 27429 26. *006 NUCLEAR 210o4t 21111 2100662 21127.1 211861 072 975. 07506 075. 6720 07506 0752.0 9750 07O.6 0075.0 075207 0520 076.DISTFIT 5.11 1.81 121 814 2.4 848.04 0"2 958.tA 06 787.27 81.2 78L44 078*7 512*U 5J6 615 81 V MOMINDUSTRY 146.6 1OM2 140.9 0.0 4.71 5672 168 1260.0 7878 447.05 562 647 19W7? 624.18 068. 1287.27 2367.02 8604.TOTAL 86213.0 84822 82061 842.4 856661 3751.0 37646 8865.s 89042.1 89424. 86800W1 40209.7 40785 4066*7 413881 41m78 42277 4254.00

HYDRO 2446.12 244512 244612 244512 2446.12 2446.12 2445.1* 244.12 244U52 244.12 2412 2445.12 2445.1 2445.12 244.12 2445.12 2445.12 S817.1THERMAL 12480.1 IOA 0070.71 10784.0 1105 190t 0.s 20143. 20615.2 21087.0 21520 218082 228a1 22071 228J 23720 240812 2250 27107-71NUCLEAR 21084. 21111.2 21066 21127.1 2t112610s6S60 506M.6 1s0 61.0 16006 150661 150061 1506. 156s I5wa 16066. 600" 1s06 1566.DISTRIOT 66.11 1.1 1.21 3.14 2S. 186.01 278.61 56.57 '47A75 864.04 86 800.78 1"09. 94.6 12514 18126 486. 744.04INDUSTRY 148.4 16020 1400 5.0 4.71 16e3 20.41 71. 2601 221 22.8 21.54 8.72 22.7 80, 0*47 76.61 2507.11TOTAL 85213. $4282.4 S8011 348365 5665.1 3679.6 70 3866.6 8A90401 89482.2 810*IG40256.5 4079A 40997.9 41394.6 41784.7 422821 42546*4 8

00
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TABLE-.15 ENERY GENERATION BY riPEO1PLANT(W)

pe.E-2 of a
193 1994 196S 1996 1967 196 109 2000 2001 2002 2008 2004 2006 20 207 200 2000 2010

HYDRO 2445.12 2446.12 244512 2445.12 2445.12 26084.76 2634.76 8157.1 8157.1 8167.1 3157.1 8157.1 8157.1 3157.1 8157.1 8167.1 3167.1 28927
THERAL 292211 23 4 2681. Ml 225626 2.172 20167.0 26414.7 2962.7 310t72 81151 31461* 80157 8075A *82 1 t918 2 2 M87t7X804
NUCLEAR 072* 975. 0500 07 6 0875207 9752 .7 97060 976 6507 0752.06 975206 075 07506 072*6 6752.06 0752.0 97 7 0752.06
DISTRIC 1227*7 717.S 51.2 0.8 1132.71 12476 12.A2 104.16 1O2.3 1082.76 10458 10276 069 07.26 92S2 1006 10016 1066.92
INDUSTRY 2227.05 2425207*6 167A6 6S7.5 1875 207224 861.41 m244 2448*0 264*S 8201t5 4056" 842* 4ss0o1 469.4 50877 605
TOTAL 3273.4 9806 41416.4 42461.4 489002 44706 4567 4207.5 4628 473822 478955 46600.1 49226* 46008* 50448 51008* 81766* 5212.13

YDRO 2445.2 244612 244512 244.2 4.1 2*4.76 64K78 817.1 8157.1 8167.1 8157.1 8167.1 8167.1 8167.1 8167.1 3167.1 8157.1 32.7 
THERMAL 140 16.41 6 *1762 18782 10644 274062 27M7 26414.7 2t67 810072 31151* 31461 20715.7 82078 *21512 M21 rM3 a847.25 
NUCLEAR 8121 22110. m21186a 21180A 21126 0720 0752o 0752.06 07520 0 7 600 079A206 6750 0720 072 07O2. 67* M62*
DISTRICT *81224 80*2 60.72 170M 2M1*4 1807* 1412.S 1064.1t 1 6 1022.76 104S5* 1027S 6.2 078o 62S2 10.S6 10016 1OU2
INDUSTRY 10a0 171.7 214J* 572 5.06 842.75 440S s1a41 8292.44 244a04 846S a0* 46060A SUM2 42.00 46. S07T7 0
TOTAL 86365 s8s123 41416A4*56S 43696* 44784 40 4907* 4562 478220 47655460.1 432*608 6t0448*51008* 65176*9 s2166.18

HYDFO *2445.12 2446t2 *44612 2445.12 244512 24.76 26674.78 815.1 8157.1 8157.1 8157.1 8167.1 8157.1 8157.1 8157.1 8167.1 8157.1 8157.1
THERMAL 146O04 16*. 17206173I 2 168442580NM2 2 8* 8486U.0 250 7 26760 271450 2671 104*2817* 2387* 23662 2g261
NUCLEAR 21121* *1186*821* *1166*211*A 21566 21509A6t 15066.6 4506* 150*A 1506 15 066*106 *15066*15066 1506w* 15065 15066
DISTRICT 283.14 66*2 00.78 1A0 768 261*4 106*5" 1102.19 .06 64 A18 9" 61.8 61S 30S 70.14 304* 69272 3004 S456
INDUSTW 18 171.7 214*6 6.72 .0 604 1208 2664*5 2257.75 1775A *086"4 2851.46 2261.65 *6174 3246.71 2514* 800.11 472.76
TOTAL 86o6. s89812 41419.6 42504A 4896*44101.2 4 6211 4 *2t.2 432 4784* 476a 46602*4 .4 9 605* 046*516 51A S7M7.4 163.?7

\00t



TPAow.e .1 EoNyW4R iONmsyroreop pLAN(wfio

1ow 1604 16 116 107 1ose 1w M0 2O 200Q 200g a0 00 2 200 2 2 2008 20 tO n

HrORO 2446.12 2445.12 2445.12 2446.12 244.12244.12 264.75 8157.1 8157.1 8157.1 8157.1 8157.1 81157.1 3817.1 157.1 8157.1 82. 6072THERMAL *220. 211391 21" m.* 0w7 a21845 807Asa s SOMA. 9 . 7082. 37 - 871.0 8M2788 6 ago" 8627.0 101NUCLEAR 6762.06 0670 075207 076207 0750 07 6762.0 075. 072.06 52M ? 07206 07.0 076.06M 620 02 .0 620DISTRICT 1227* 717.6 318.2 1306.12 12551 0.20 1079 061.15 067.S 012. 0.0 0.4$ 600* 884*0 86724 860.24 1077M 1a6NDUSTR 227S S26 6 1420.2 1161.28 17251 4682.8 1t649 1624 14324 186.AS 22*7 SW1B 2N842 8004.13 3444*576.4 77A5S7TOTAL 8784 8308* 41415A 481 46151.8 47107.54017.4 60212.4 510211826. 6271 65380.4 54626 47.7 56417.4 57856 606 A.49

HYDRO 24451 2 2446.1 24451 *44.12 2445.12 246.12 2647 8167.1 8167.1 157.1 3157.1 8167.1 8157.1 8167.1 8157.1 16?7.1 86.7? 5204.72THERMAL 148064 1566 17520* 1I6616 2120 846 *5207 8 84 5 860A4 87082.$37501178 7 So158O8882 8 *677 82210*1NUCLEAR 21121.6*2110213 1839 21120A *211*075.0 06. 07620 0720 076.0 075.0775206 907520 075.0 0 06t 076. 075.0 06.DSRC 224 60.2 ".72 186.75 81*.94 8O2 1076.7 681.15 WAS 012.8 50 604 6* 846 87.24 80.24 1077 156.6DUSTwRY 1890* 171.7 214.6 116S 10.62 175*1 462.1 62.0 164 184824 1.S 220*7 81.S6 26.42 804.18 84442 5 4 7757. TOTAL 83885*86812.8 414190. 48364.1 45174A 47107* 40178A 60212.4 61021*3 51825.7 52761 6860 64626.1 6460.7 56417A4 M 5655668 68580.4SCM fgm K

HYDRO 244.1 24.12 244612 244512 24412 6K78 26475 857.1 8157.1 S7.1 8t157.1 8167.1 8a7.1 s817.1 8a7.1 3167.1 8157.1 87THERMAL 14604 1u54 175 *116 *2130*2818*06 25147 2*406S 27846 2796A4 81020.1 8 04 1*76.1 164*8115.7 82106.6 8NUCLEAR *1121* 21180* 21120* 21120*1120* 1Su66 16066 16006* 180666 1066*16066*15066160661600" 16066 16060 1506. 15066DST 228.4 6002 00.72 17.06 260.8 1218 18.4S 16074.0 106S 1044.1 10o* o6 04MM 00 63AS 61*1 W44S 1022.INDUSTRY 180A5 171.7 2146 606 17M6* 81214 577314* 4067 usW5G 874*7 4857* 4082*4 42701 46445 4685* W2
TOTAL 8ss8 82* 4141* 48s34.1 46170 47007.1 414 501780 5104 518183 2782.2 68 66 17.1 6498&. 56412*5577* 661.1 5O5A$3

0 C
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TALE-6.17 FUEL RUEUEMENT8TYPOFFUEL

peP-I of 3
1903 1694 1998 1000 1997 199 190 2000 2001 2002 2003 2004 2005 200 20 2001 2009 2010

SCENERIO tI LOW leh

LIGNITE '(MILLION TON) 30.084 20.196 33.67 33.850 34.393 32.605 32.583 32.745 32.874 32.472 32A3 32.s 3255 32.461 32.511 32.8 29. 27.007COAL (MAIWaNTON) 3.776 .271 2.06 2.322 2.675 3.454 3.80 3.640 3.911 4.147 4.263 4.25 4.116 4A27 4608 4J40 4.407 3.435NUCLEAR (TON OF FUEL) 45.500 456.500 45.600 48.500 45.500 45.600 45.500 45.600 45.600 450 45.500 4550 4S.600 46.500 45500 45.500 45.500 45.00N. GAS (BILLION M**3) 0.039 0.003 0.000 0.001 0.000 0.000 o.34 0 0.138 0.078 0.0 0.113 0.240 0.146 0.175 022 0.51 1.304F. OIL (MILLION TON) 0.064 0.054 0.010 0.006 0.012 0.027 0.032 0.00 0.000 0.000 0.000 0.000 0.000 0.000 0000 0.000 0.000 0.000

SCENERIO 3 ModeMatNocla

LIGNITE (MILN TON) 22.S 21.039 19.704 20.640 2296 32.80 325 32.745 2.674 32.472 32.5n232.845 32.645 32.461 32.611 32.0 29900 27.007COAL (aLLION TON) 0.627 0.177 0.086 0.102 0.228 SA64 3.07 3.649 3.011 4.147 4.253 4.205 4.116 4.427 4.508 4.540 4.407 3A435NUCLEAR (TON OF UEL) 9.172 96.499 98.424 06.573 06.610 45.800 4.60o 4.00 46.00 48.500 48.00 400 400 46.600 48.500 46.00 45.600 45.500N. GAS (IWON M--3) 0.000 0.000 0.000 0.000 0.000 0.009 0.034 022 0.136 0.078 0.099 0.113 0.248 0.146 0.175 0.226 0.511 1.304F. OIL (MILLION TON) 0.000 0.000 0.000 0.000 0.000 0027 0.082 o0.00 0.000 0.000 0000 0. 00 0 0.000 0.000 0000 0.000 0.000

8CENEPIO 4 (1ht Nuelsa)

UGNITE (MILN TON) 22.935 21.039 19.704 20.646 22.396 31.00 30.720 31.229 3053 29.37 30.170 30.373 30A4S 30.e42 30.814 3095 28.832 26.484COAL (MLON TON) 0.627 0.177 0.086 0.192 0.326 1.572 2.038 290 2.470 2.647 2.766 2.849 3&808 3.067 3.180 3.300 3.612 .136NUCLEAR (TON OF FEL) 06=2 16.499 98.424 9S.73 98.619 70.6 70.297 70*07 70.27 70096 70*06? 70.206 707 70*96 70*98 70.29 7W00N. GAS (BIWONM**3) 0.000 0.000 0.000 o0n0 o00 0.002 0003 0.012 0.004 0.003 O 0.00 0.015 004 0.00 0.010 0.135 0.444F. OIL IMILLION TON) 0.00 0.000 0.00 0.000 0.000 0.001 0.o00 0.000 0.000 0.000 0.000 0.000 0.0 0.000 0.000 0.000 0.000 0.000

tln

Do.

w



TASBIE-5L8 FUEL RUBIR3EM!NSrSiPEO FUFEL

1993 1904 1966 1S96 1997 1998 1099 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 M01

SCENERIO I LO tNw.)

LUGNITE iMILMON TON) 30J.7D 29.412 34.549 34.586 34.848 32.774 32.709 32.781 32.784 32.780 32.781 32.i78 . 32.770 32.774 32.772 29.872 27.029
COAL (MILLION TOlN 4.469 4.80S 4.640 4Jt38 4.620 4.867 4.S22 4.149 4.578 6l059 5.11B 5,160 4.807 6.248 6 6.2 6.261 4.64 3.400
NUCLEAR (TON OF FUEL) 46.500 45.500 48.50o 45f5 45.600 45.600 4 5.00 4SA 46.5 4J.500 46.500 45.500 45.100 45.500 45.500 450 456 465.0
N. AS (BILUON M1'3) 0.143 0.146 0.105 0.265 0.711 o089 1.042 .391 11.20 1.133 t.212 1.21 1A70 1.332 1.429 1.516 2267 3.146
F. OIL (MILLION TON) 0.065 0.098 0.090 0049 0.038 0.044 0048 o.o 0000 0.000 0.000 om 0.000 0.000 0o000 0.000 0.000 0.000

OSCENfRO 3S (odtato Nht.aXf

UGNITE (MILUON TON) 25.631 26.443 29.014 26908 31.398 32.772 32.767 32.781 32.784 32.780 32.781 32.778 32.774 32.770 32.774 32.772 29.872 7.028 
COAL (MIUON TON) t.232 1.231 1.371 177 1.934 520o 6.281 4.149 4.578 6.059 6.116 6.160 4.69 .5.24 .258 58.6 4.684 3.4A00
NUCLEAR (TON OF FUEL) 98.547 98.630 98.632 08.632 98.32 45 .600 4.6500 45.50 45.600 48.600 4565 45.600 45.500 45.600 45.600 46.600 45.500
N.GAS (BILUON M*43) 0.0 0.000 0.000 0.000 0.000 057 0.770 1.30t 1.280 1.133 1.212 1.261 1470 13 1.20 11.616 2267 3.145
F. On. (MLLUON TON) 0.001 0.000 0.002 0.008 0.00 0.062 0.063 0.00 0.0 O.' 0.000 0.000 0.000 0.000 0.000 0.000 0.000 o0.0o

80ENERhO 4 tHhh NuIea

UGNITE (MILUON TON) 25.631 26.443 29.614 2898 31.306 32.696 32.603 8.W7 32.543 32.564 32.617 32.633 32.6 32.619 32.654 32.605 20.81 27.022
COAL (MON TON)4 .2 1.231 1.371 1 1.934 4.244 4A31 3.809 4.185 4A0S 4.07 466 4.355 4.82 4.87n 4.959 450 3A33
NUCLEAR (TON OF FUEL) 08.547 96.30 98.632 oa.32 9 e62 70.297 701960 70.29 70.296 70.20 7029S 70.7 7021# 70.297 70.20 709 670197 70106
R. Ga (DILUN Ma--) 0.000 O.0 0.000 0.000 0.00 0.121 0.212 0.77 0.399 0.313 036 0A1 0." 0.496 057 0.A30 1.26 2.151
F. OIL (MIUION TON) 0.001 0.000 0.002 O.008 0.005 0.034 0.040 0.000 0.000 0.000 0.000 0.000 o0.o0 0.000 A00 0.000 0.000 0.0o0

. , . _ . . . , . . _. _ . . . : _ . .__ _ _. _ _ ._ : F ffi~~~~~~~~%J$J



TABLE-5.19 FUELF rUIREMENTS8Y1TYPEOVRIEL

1993 1994 1995 196 1997 1996 1999 2000 2001 2002 2003 2004 2005 2006 200 200 2009 2010

SCENERI0 (LOW Nu A

UGNITE (MILI-ON TOM) 30.370 2A.412 34.540 3A07 34.880 32.781 323m 323779 32a779 2.779 32.779 32.780 32.779 32.781 32.780 32.779 29*72 V.028COAL PMILUON TON) 4.459 4.806 4.640 4*61 4*14 4.099 4.381 3.829 4.273 4.678 4.789 4*31 4.684 S.228 6241 6.246 4.88 3.476
NUCLER (ION OF FUELJ 46.500 4S.600 46.500 48.800 45*00 48.800 4650 404800 4SJ600 4604l 48045M0 4SX45* 45.WQ 46190 4580 45L.00 46US00N. GAB (BILLION W^3) 0.143 Q145 0.106 0.200 0.818 1.875 2.060 2.46a 2.33 2.294 2.421 2A.3 2.662 2.479 2.568 2E25 3.121 3563F. OIL (MILLION TON) 0.086 0.098 0.090 0.047 0.046 0.026 0.034 0.000 0.000 0.000 0.000 0.000 0.000 0A00 0.000 0.000 0A000 0.000

SCENEI Sl0ader. MacIsd

UGNiTE (MILLIN TONN) 25.31 26.443 29.614 32.7M2 3.689 32.781 32.77 32.779 32.779 32.7793L779 32.780 32.779 32.781 32.780 a2.779 29.872 27.028COAL (MILLION TON) 1.232 1.231 1.371 1*30 2.079 4.099 4.381 3&829 4.273 4.678 4.789 4.931 4AS4 5.22 5.241 5.245 4188 3.475NUCLEAR (TON OF FUEL) 98.647 98.60 96S32 98.632 98.632 45*i00 45*00 45.500 4S*00 45*00 45*00 46*00 465.00 45.600 46*0 45.500 4500 45*00N. GS (BIaLION M3) 0.a00 0.000 OD o0o.1 0.001 1.875 2.050 2.483 2.37 2294 2.421 2.483 2L62 2.479 2S* 2625 3.21 a.553F. OIL MII ION TON) 0.00t 0.000 0.002 0.003 0.007 0.026 0.034 0.00 0.000 o00 0o.0 0.0 0.000 0.000 0G0 0.000 0.000 0.000

CENER 4 IHhh Nuebi

UGNrT (MILLION TON) 25s31 26.443 29.614 31.075 33.703 32.73 32.736 32.777 32.764 32.774 32.777 32.757 32759 32.748 32.756 32.75 29a67 27.029COAL (MILLION TON) 1.232 1.231 1.371 1.84 2.083 4.731 4*3 4.210 4.33 5.120 5.199 S2 45 5.10 5.213 .207 467 3446NUCLEAR (TONOF FUEL) 6.547 08.80 8.6S2 06. 62 68.62 70.297 70.27 70.29970.27 70.29 7X97 70.269 7097 70-o6 72 670.0296700 70.296N. GA (BILLION M"a) 0.000 0.000 0.000 0.000 o0.o o.30 o0s1 0.963 001 080 0.21 1.5 1.476 1.322 1.379 1.436 2.128 2*6Sf. OIL (MILLON TNI) 0.001 0.000 0.002 0.007 0.000 0.045 0.040 0.000 0.000 00 00 0.000 0.000 0.000 00D00 0D000 0.000 0.000 0.000

.10



- 113 - Annex 5
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TAM-6 TOTAL6Y 087
WADC0227-MIMMM

WAR NULE'- FUEL OEM CA AL 00 TOAL PO VEA UCER FU OM CAPITAL EN8 TOTAL PV

16 am 46.00 mu. a.10 46.40 1067 17. 16 a1. S0.S 1. 2o 01 mm6 M
1t04 161 400 264.6 2. 104W.66 mm 14 10m 6u 11s1 6. 1.7 3. s6.
1i6 11t70 1. 2001 2760 21 lo7 61.60 16w 17a a 1U 4m 2a0 W6. 4

6l6 11.7 64 54.20 me" 1M 1021 7. 161 .0 .5t 161.02 1t7. 106.0 147 W7S S01t
17 11.70 6.0 286 6L7 1A4 1211.7 714 10 117 1 6 161.01 271O 105 m6 awl
16 .00 o02 0.6 .10 1442 10l6 a.7s 1 1A. 101 1 0 146L0 14. 0 471.72
1"W0 LO O10 10A 16.10 11 10 62W. 1W 1.0 4016 16 4610 11.42 66.6 S7LI
100 0O. 46.21 1O 41.00 16. 101612 MA 1M .00 427 171.60 41.00 166 61$ 0
am0 0.00 6 6 16 V0 1UAS :1000.0 471.0 00 1a 601A 4t.10 10.6I 2.0 16,00 4016.2210 a"
a102 O s021 "05 11.10 16.61 102U 45 2002 76. 416.12 161.70 110 16.0 0" 32
a2 a0m MA4 m. 1O. 14. 102e 401.J SOO L0 4206 1711 40 16&6 1 *t5 m6

6 A0 66 0 1 1L "140t2 . 7. 24 a10 427.6 172 4.10 1446 7.60 A76
ge06 .O0 640.14 t 6 4 1 163.0 06 20 am441 17652 44A0 14S 601. 2001
a00 0.0 6476S M150.2 111.0D 1A 1ta# m 0 20.00 4 171.0 61.6 1LI7 6.6 20.6
ae0 0.00 663.n 2 665.0 1M.6 1 02 1W7.2 mm6 200W 20.0 41 10 1160 12.7? 7.17 200A46
a0 0.0M0 65.14 6661 216120 1474 t1 m47 s1 20.00 44061 171 16i.0 161 61210 17.11
200 00 6 1 s 61 4.12 1112.6 SO2.10 20 2 41. 102.42 60. 14.10 766.7 1668
2010 0.00 602 417* 0.00 101 1S 212.6 610 200 466.40 2gum 0A. 1146 771 u1a

TOTAL 74f7011046.60 S 202640 S01.86 1662*66 TOAL 6.O 7461.10 2000.1 11720 220.10 1SMS7GM.70

VOR NUCLEAR Ft,¶L OEM CAPTAL 1366 TOTAL PV WEAR NUCLEAR PFEL O&M CAOTAL ENS TOTAL PV

6l6 47. 01.2 S11l65 6.0 02 60 ,6 6 1 am0 M.6 110Ot 60O 0A01 468.1 46610 
4 0 607.00 1277 27.60 1.6, S1 4747 1664 76.10 2606 12l.71 10.0 1.27 4407 4.7

13 Gm0 2 6 146 46a 1.6 6.o70 441.67 1 6.10 268.74 11672 O 1.3 46 400.0
3IM 11010 600.190 142 20S.1O 141O m7s02 6a7 t1 100 SL 16 210.00 10.2 741.6 W6.21
l7 1.0 621.10 144.12 140 1o W1.2 m40 1607 160 27 137.20 1114 10.16 66.6 6

16 WA.60 901 1646 146. 1 M7.2 476.08 1l6 65.00 001-9 16.0 14L.6 1 774.7 4S1*
I1 40. 40.16 160.61 4610 042 6 176.7 160 460 406 160.1 4.10 10A2 67.70 070.
200 20.6 427.47 17Ta. 41.00 1. 616.6 0 2000 42747 171.60 41.00 15. 600 160.
201 2.0 42010 17.6 V7 16.00 302 0A4 2001 o 42L10 17064 27.0 16.0 0,7sun 2 .7
2002 76.6 41.12S 160.70 it" 1. 04s. 1 6 O2 60 414612 160.70 11A.6 16 666I. 26.
2000 20O 426.4 171A4 100410 16.0S 13 26m 2 00M 426. 17.4 60.40 1. 61O 26M
"4 20.00 42as 172.1 40.0 1 1ao 23760 11 004 M. 427.16 127Lt 40a.0 144 3.60 36

20 1. 41641 176.2 44.0 14 .66 .0 S01.6 LI.S 2A006 1. 41041 176.62 440 14.6 6011 5.
1006 20.o 40 176 61SA6 1.70 0 200*o9 200 20. 440446 1706 61.6o 10.70 6. m
2007 2000 441.71 176.0 110. 1Z7T 70.17 MO4 O0 20.0 441. 176.60 110.60 177 7617 200A4
20m6 200 440.61 176 160.10 1. 6B 107.11 206 1.0 440.61 176.0 106 16.16 a" 107.11
2000 2o 467.2 16.2 6. 14.10 766.7 10. 2000 2. 4.42 122 600 14.10 76.76 166.26
1010 2.O0 466.60 2t04* 0 OM 1A84 nanT 140.16 2010 10.0 466.60 26 0.0 "110 78.71 1016

TOTAL 760.40 MM6.42 AS 1072.10 210.1 12617.6I S606642 TOTAL 014 66. 2O6. 11.10 216.01 12084.661*

SCM0O4 S_6AO

YEAR NUCEA FUEL OEM CAITrAL 6 TOTAL PY WAR NUCEA FUEL OM CAPffAL EN TOTAL Pr

136 66.00 2 t9110,1 60 0O0 401.10 4t1.10 1690 6A0 0J 110.01 6LO 01 401.70 4t1.7n
16t4 610 26 117.1 2.O 1.V 460 414 1sm INA 2g 117.71 20 1.27 60 401S
166 12L10 4 11.72 91.60 1.a1 .0 41t0 1M 1WM0 260.4 116.72 .0 1.67 61.0 476U4
166641 160.00 2m60.2 18 20 1SAR 76 1.76 13 16.0 2A4 11.1 100 11.71 760.66 661.10
1647 160.0 16.7 107.20 121.40 181060. 606.2 1607 60.0 216.66 116.7 t206620 710.2 401.8
16 77.0 14 64 AS 1 SM10 11u W7. 4MA16 1 75.0 207.0 110.12 72.0 1247 1669 L6s

166 a0 66S6 1 3 1sm4 Ii2 6 I6 60. 16 6O00 2S 14 40 11* a" 0M,70
2000 40 S51 16s77 41.0 166 010.72 S16.O 200 60 6. U146 70lO 16.2 a6 0
200m 40.o 6Ot1O 13.1 27.50 14.0 6 262.17 2001 116.00 0. 146. 104".6 1W7 60.62 12L
1002 60.6 11 166.1 11*O 16.27 D617 270 2O00 O6* 01S0. 1460 .O0 U27 6S2.16 200

200 40.00 06.0 16.2 66.10 14.4 6170 206 4K 13.60 017.2 140.4 16.1 11.13 661*206.0
2004 40.00 071.6 40 640 1"M 60.1 17.0 2Ci W6610 6IT.O 160.70 1I6.1 11.? 6.21062
20n6 400 66. 161*4 0a1 14.12 62T.7 20.0 20 660 0a8 11 OM1 10.0 611.04, 1t6
100 40.00 087 1624 1a0 1147 64 17 am 66.6 167 147 o00 1S10 61 160.2
2900 40.0 0L64 1SO.62 06 t9 610 16 200 60 68a 16 00 1. 2.1O 10640
2006 40.0 O 606.1t 176 60 16.0 MA6.6 16. 106 a .03.612 t16 6. 16S. 0 16 6616 166
gmn400 4"0 mm 6. 14 t 174 146.1 2000W 60 406 170.7W 0.70 14. 6. 14060.5
20O 400 410.7? 1667 A0O 10.t a6 110.4 2010 .0 420.6 164 0.00 10S.6 6O.0 16S17

TOTAL 121040 17.162M 5 1046.1 2. 112676 60 TTAL 1OWA 601.2 2044.6 000.7 1O0.S0111416.100166.2
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TPAILS-L TOTALGWBT000
WADFOOAPC-U10WMU- 

" _ . : _ _ i Acam. _ I
WAAtIICLEA FUM OhM CAPIAL ENS .TTAL PV-EO. WA NUU.E RU. M CAPIAL ES TOTAL PY

199 3.0 0 LO 2.04 144.10 W410 16n 10. 10 4no 148*0 47.00 2.1 S1.10 S1.1
1904 10. 46* NCO1 4A4 MAY 1611.4 ""W6n749 40 1 =L0 .0 076a 700.01
1s" 11.70 MM 8 46.0 17. 1467 1290 1026 07.0 467 104 17.0 0.40 047.80 7
19 11.70 0." ULM UU7Q 1G, 16i 1130.19 1 P0 4040 10.S 203* 16.0 1011.4 71
1W 11.70 60 mm 01.1* 17." 12U10I P01 109 t1?17 0 07 S 106 L70 10s 1094 714
16 0.00 mm1 1a6"10 1s0 1146 0 0 10a .m 1a" 0 120 105 044 0462
t 0.0 .0 2sAC t 16 3970 1 1W WM " 1M0 16.0 17.7 0.4 40.12
am0 o00 a 2.6 2W6 41*0 .1 a 0 VM 2O0 2N M1 21. 41* .AS $04 4
2001 00 6 0 MM .0 1.10 "I.2 40 0G 2001 0e 6 2M1I. 2. 18. 42.0 S0
a001 O.0 0 1 20 M.6 10. MM 410.11 a2 75.00 606 901 11 20a 876.14 071.67
=100 am0 662.1 212.1 7010 10.4 1026.0 00m0 200 10.0 me6 21244 08.1 12.1 660.0 001.70

6 O. W7 2. 1.7 180 111s1 M6 26 100 6m7 210 S0 1"M P1.64 06.4
3006 0.0 ML.1" V71 20.40 17.t9 1t. S 006 00 66 M." 40.0 10.0 00AS 670

am OM INLt MM.6 40 I?.W ttLeO 4110 am mm "a A s &S M"306 .0 960 21108 4600 17.J2 1426 4150 200 10.00 886.25 306 127.00 16.00 0.10 162.46
2007 0 70. 70.48 60 10 1 4294 2W7 . 1 096 2.0 17.10 1107 9.
1080 0.00 718.72 201.10 610 1e.19 10.11 09.41 200 10.00 61.0 52.74 14 MM 116 2.10
20No .O00 7140 10.04 14L70 17.70 116.2 261 no 2. 062MM9 801 21.51 1004.0 16. t 70
11 00 0717 0 0 16.I0 102 26 210 20 MO7 U214 00 2.21 36602 18014
MOTA 740 11714147 429.0 2168 12001.01 122S O TOTAL 07A.00666.1 074 0.6004 107916 8201.74

WAR NULAR F OhM CAPAL D0S TOAL PIV WA NlEA MUL OMW CATAL N TOTAL 

100 47.50 00.49 1t09 10t. 0.0 490 494 19 60 016.1 110 1 0.01 6 W07.40 07.4
1094 6400 9" 4t 14401 0 O7 640 6946 100 76.1 000.4 102.0 0 2.09 674.66 320
1096 0. 0040 1400 1A 20 74N4 616.46 106 6O6 0 0 107. 460 00 02A9 517.70
i I m6 6a4 U010 1i9s0 0 9 21.6 1 12. 6A49 m1 290.0 19.06 " 72
100 10.0 16274 I75.9AO 2070 0 0609 17 1500 M868 1 4 M400 11 11459 78272
096 6.0 47.0 107 171.0 104 0. 67J4 109 00 446 202.0 2800 324 1110 0t2.40

109 40. 475L70 240 40 1646 . 400 1900 46 6 M0 70 16.04 0S1 161.1
2000 20.60 40L672 7S. 9M*0 200 6m6 4441 29 O0 27.6 60.0 212.5 41 W0 6S 06. 444L9
00 26.0 4076 W.26 64.8 1 a1i 66.1S 2 27.10 on" 2.4 WA*0 160 0. 00S64

2001 76.0 7 m20m0 1.a10 200 W S mm6.2 2. 69S 109.01 11*0 a2 S604 74.75
2S00 20 5. M9 69O 100 0106 010.4 am 2 67.8 21.4 0.10 10j S06S 051.70

0e4 620.6 32W 6100 16.46 6 0 M49 M1 2 m00 . 92160 1S.4 071.54 S04647
=006 19.0 3.01 06. 4070 10.M 49.04 2. 200 O2S0 1 4 . 4. 107 00 28079
am am 601.01 210 127.00 17. 006 S 20m0 20.0 1 6 36 1.00 16.0 97610 262.
2007 20L. 540. 2.09 270.Q70 101 1066 26. 20 . 601. 2 2.60 17.10 1106.77 29
2006 20. 621 2406 220.80 100 16.1 2M0 2OM 000 60i 202.74 16040 21t2 1402 270.10
1000 200O 120 2507 0. 10M 69 14 2M 3.00 M* 2.0 06.1 21.31 1004.0 216.70
2010 20 006 27012 0 20 0.9 162. 2010 20.00 0 * 14 0.0 21.21 9062 180.14
OTA^ 7964 069071 17. 090 1001 7401.4 TOTAL 142004197441 2118 .0 76 16296 76

22W_4M0 4 2fI:WlO 

WARNLEAM FUEL OWM CAITAL ENS TOTAL PY WEA NUCLEA FtUEL .O CAITAL ENS TOTAL FV

1UP 600 016.0 116.70 12.0 0O. 6512.0 112.4 1w 60 16.18 1107 12.0 0.01 60.4 60004
1034 00.1 0m 10.1 0. 2a "9 1094 160.09 620.t 11110 067 2.0 67 56
1006 1210 . 1076 47.40 0W. 0 0 56 106 100 060 W 02. 0.00 7110 1 a7.7
10 160 06711 M2 20 10 047.17 711.61 16 10.0 06 1t 200.1O 10 907.4 661.60
19W 100 0 * 166.64 6M2.00 151 S074 low1 000 60 t 6104 04.4 16.14 050.1 0S105a
t0 770 4074 170* 15. m96 6o21 10 16.0 007S 1.1 110.0 10.0 760 4.7
190 o0 4K04 101.1t 1S 17.0 7.9t 40. 1A 4100 14.04 1.40 17.51 6S66 076
2eeD 406 4.S 106L12 41.00 16 7. 40.S10 2000 6 410.0 1091O 410 20WS 70D 04A4
200t 40.00 49646 109709 270 16 7040 0 6 201 116. 421* 170.17 27.6 101S 754 061.77
O20 0 401.42 104.S 11 2 6170 0S670 M 0 424 171.3 1 1021.16 0111 0o96
20m0 40O. 04* 17.11 01o 1t0 tt 0.4 900 07.WM 4 4 106 66.70 100 74.4 090
2004 40.00 51.4 9I9S1 10 16,43 00.2 22 2004 0 441.2 17129 60 10 769.61 2
O00 40.00 2 01 4.2 44.0 14 02.0 2677 20 6 48. 16. 760 16.09 601 28
2S 40.00 621 2050 11A. 17. U046 27 am06 6s.8 10071 206 1m 1* S7. 27447
2007 400 6S7.4 s267 . 14 107.04 276.0 207 0s. 4661 20.9 261.00 14 1084.04 286.4
200 49.00 546.6 11 216U0 20.2 1S0 6 W.2 20 00 64.76 210, 216. 10.72 oR.06 206
2m 40.00 6mm 11a 00.0 11 00 1m 2 " 06 o 0212.0 18. 07 00.21 206
t101 40. 16* 207.01 0.0 4 t * 1 9 2 0o 0o 0 o* 40 207t10 0a. 106 606* 17.6

IOA 12040 S76 6014.0 11670 28.U 1491.14 71M TOTAL 16"6.701*83141.70 1 0 291A.4- 140617 0
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TAML-&= TOTAL SWSTMrCS

YEAR UClER FME OSM CAPIAL ES TOTAL WV VEAR NUCLEA FMU OM CAPIAL EN TOTAL PY

166 a8m1 408.6 mm.8 140.1 04.00 "A 116*56 0 106 am.0 416.71 146.0 47.10 1.18 P1.iS 1.13
1194 I10 41QA0 164.0 MA.1 7104 208M 8148* 1164 10.6 4308 SL 16.1 t6.1 1.66 fi7.8840.
1I06 11.7 6.6170 mm aw 668.6 M0.6 1is" 1606*8 11 P."0 46. 141.16 466.6 8.4 1166.0 05.6
168 11.70 615.1 am0 161.6 1.0 la0.1 10066 1006 P.60 4168 160.15 470.4 11.6 1166.1 067.77
186 11.70 644.1 13.0 21.5 10.4 1167.1 776.71 1 IVA 17 MO 68247 66 04 0.00 MM. 127.1 846.46
1016 0.00 601".60 143.5 11.60 6.0A 1148.64 71IT7 106 a0.0 86A.6 10IL" 18U0 10.8 1017* 601.6
1"0o 0.00 727.04 16406 141.0 10." 1168.89 SI.4 1060 WM.0 66.6 00.0 16.10 10SM 871.8 461.65
1000 OM0 741.0408.M MO.6 60.71 1310.71 871.60 M0A 10 00 10.4 131. 41.00 1.14 60M1 474.16
2001 0,00 788* 104.08 120610 1M.1 11001 664.14 100 10.0 NS.76 UMi 17.80 11.12 U 107426.1
2001 0.00 766.61 266.A6 16.0 6.10 1116.1 47.00 200Q 75.60 MM.6 168.14 11.60 UV.0 664 406.67
200 0.00 7T6OM 60600 66.70 10.16 1117.2 410.6 100 100 646.5 0.10 8WU1 11.6 071.7. 674.66
2004 0.00 746.6 106.6 S6.10 1L6.6 1168. 40676 1004 m 10.00668. 8 1.00 760 11.07 1008.16 16.61
1006 0.00 717.17 100.6 #7400 17.0 1101.7 411.11 160 10.0 671.4 106.6 146.0 11.8 100.1 M60M
a00 0.00 766.8 1L6*8 400.10 17.46 1604* 416.71 106 10.0 WI.7 106.I 146.8 10.44 106*" WAS.
1007 0.00 760.1 4.m 181.1 16.06 166.1 461.16 1007 10.0 660.72 1L46 268.10 16.0 1181.0 811.44
1008 0.00 771.06 181* 146.6 10.4 1465.8 160m 100 10.0 68a.7 2gLT7 #1D 13.8 1171.6 16.4
1000 800 60* 167.? 0C4.0 10 189 MS1116 004.11 100 100 711.1 166.71 66.40 12.04 11*41 011*6
1010 0.00 766.1 108.1 0.60 16.86 11441 .26 1610 100 70.1 001.0 0.00 10.14 1046.8 107.4
TOTA 74.70 11060.7 4366.4 44S6.70066.6 14446.0 117067 TOTAL 67.0 10048.60 16M1*1661.60 10.10 14660.6 0148.81

VEAR NUCLEAR FUEL OWM CAPITAL ENS TOTAL Pd YEAR NtCLEAR ROEL CAM CAP1TAL 0NS TOTAL P1

160 47.80 077.7 126.66 17.40 0.0 610A4 67.4 10M 60.0 816.10 116.7 10.1 0.01 610* 100
1004 54.00 14.4 140.T 2111.6 1.A 7MM8 7M1AD 1604 76.10 ULM1 112.10 10.00 1.00 720.4 668.12
106 6M.8 406.6 146.4 408.40 0.0 10211.1 844.12 100 68.10 046.00 16.8 410.00 O 8 00 17.6 816.1
1606 111.60 434.0 166.4 64.0 10.1 116.8 688.1 1066 110.0 68.0 180.8 mm.1 0.14 1172.10 06.8
1007 118.1 471.76 176* 4101 10.6 181.4 641.0 100 160L00 400.1 160 410.10 S 10.60 U160761.

10o0 40.10 M0M6 10.6 18.10 ISM M7M8 464.0 106 46.16 166A.6 104.0 16.10 10.6 6602 467.67
1000 1.60 616.44131.6 41.00 13.14 01M0 476*1 100 WAS6 610.44 21A1. 41.00 13.14 061.70 478.11
goof 16L80 6S3.76 MM.1 87.6 21.11 017.S 46.0 am0 17.6 N2.70 MM V7.6 11.12 611.18410.7
100 788 MM 168M 11.80 3.07 060L70 406.1 101 6am1 .0 mm 11.80 13.07 06640 400.6
1000 10.00 646.61 016.16 66.1 11.80 071.76 074.66 1000 10.0 846.61 116.18 86.10 11.80 071.76 174.6
1004 10.0 666.76 261* 76.0 MA.0 1006.10 660.81 1004 10.0 666.7 161.66 76.0 11.07 100110 8621.0
100 10.00 671.44 180.4 146.0 911.6 1060.8 16.0 06 10.60 671.44 160.4 148.60 211 10008 60*4
100 1000 671.71 210.8 146.0 10.44 106.8 817.1 100 16.0 671.70 1M.6 14.8 10.44 100.6 617*6
2007 1000 660.71 100.48 168.10 1004 1181.61 811*4 100 10.0 68071 2 6 138.10 I0.0 1161.01 811*4
1008 10.00 688.7 1477 107.1 16.8 1171.60 160.4 100 10.0 60675 841.77 107.0 11.8 1171*560.46A
1000 10.00 711.27 156.7 84 04.0 1110.42 141.6 10 10.0 711.1 16671 68.4 14.0 1110A2 041.66
2010 10.00 706.00 101.04 0.0 108 1046.8 107.4 1010 10.00 706.6 101.0 0.00 104 1048*4 07.46

TOrA 7664 1065.661611.10 WA 166.10 S2.16810*48846. TOTAL 01.1 10136.6 0760.1 1661.70 113.7I 18062428600

VEAR NUCLEAR FUEL 08M CAPITAL ENS TOTAL FV VEAR NUCLER FUEL OM0 CAPIrAL ENS TOTAL PV

10es 66.0 818.11 116.0 11.6 0.0 611.48 811.4 1068 85.60 01.18 110.7 11.60 0.01 86.0 6S80
1064 68.10 10.4 112.10 46.6 10 16.181 516.67 104 180.6 0SU.M 12.1 4.10 1.00 651*566M1.1
116 116.10 46.00 137.66 68.0 0.0 mm 661.71 106 100.0 0S6M 167* 64.8 0.00 784.1 600.0
1600 16.0 67.7 166.74 30.1 201 S61*5 716.14 1606 186O0 874.67 16.74 108.8 10.41 6M.1 601.46
1007 180.0 400.10 16.4 18m 18.10 1066.70 717.8 166w 0.0 400.0 160.8 118.1 I0O0 682.61 646.0
INS 77.60 612.1 187A 161.10 21.14 06.6 86.1 IS 75.0 405 16.70 146.8 10.87 54.81 624.4
1ow6060.00 662.10 166.0 18.10 171 840.8 47* 1060 60.0 464.0 176.0 48,40 *6 760.0 461.67
1000 48.80 67.0 1.4 60.6 61.6 04.7 488.7 100 60.00 401.70 167.81 46.10 MO0 810.67 416.0
1001 48.80 861.4 168.0 111 OM. 6M6O 464.76 100 116.00 466.6 186.7 43.60 11. 07 80.05 4066.4
1001 06.8 66.0 104.1 166.70 16.m 1060.1 46* 2002 60.0 800t" 10.4 68.40 18.6 61.6 665.61
1000 40.00 608.76 10M6 66.1 16.16 1001.0 16.1 100 60 510.6 166.10 147.00 11.M 661.80 M6.0
1004 40.0 101*4 2 1 16.6 21.6 664.1 1M.0 1004 60.1 680.0 160.1 106.0 21.70 "it2.0 064.7
1005 40.00 610.81 10.0 40.70 1.8 062.0 10.8 1008 68.6 8607 MM 104.40 16.01 660 616.4
2000 40.00 610.80 16.1 117.00 21.11 1081 NS1LIS 100 68.8 6171 116.1 111.80 20.61 1038.90 10.1
1007 40.00 613.1 168.4 1M.6 10.0 1166* 011.0 1007? 68.6 61.1 161.0 86.6 10.6 1184.8 811.04
100 40.0 OM.1 217.70 18840 047 1186.11 168.0 10m 66.8 660.1 16.1 116.1 18.0 1160.1 870.0
200 40.00 47.87 014.6 86.10 16.60 1041.10 M 0009 68.8 64.1 04.0 60.10 21.0 10861 115.0
WO1 40.60 660.76 1mu6 8.m 1.0 66.8 166.00 1010 86.8 665.1 260.0 0.00 16.04 1014 000*

TOTA 1110.40 05714400674 1107.80 9 140.1 L168.7 7861.1 TOTAL 166.6 6061.74 1436.18 101.6 110.1 16610.467561.A



TABLE - 023 OPTIMUM SOLUTON -MINI"
ANNUAL AOODMONS 

= 8CENER10 SCENO i CEIElO 2 SCENE 3 SCENERIO4
PLANT NAME CAP. YEAS PLANT NAME CAP YEAR PLANT NAME CAP YEAI PLANT NAME CAP. YEAR PANT NAME , CAP Y 1APNT NAME CAP.

* ~~Ms'tt.a 300 so*.s-- 

lw es - 1-

ISO PAP"N 70 RsPUblsa" PAP: p~Aapi*Ie IRpubAa 70 - - i - -
1000 Usia 00 ~MuSoo 4W Mee 460 Mam18

I - Surges 1000 ""P~ 1000 '~1~ Surges 10a" BUM "ug . 10 "05- - - - ~~~~~~~~~ ~~~~~- *38Auibu1S P bO* asbUMg.

210 "O~20 in 210 2Vsm 10 9WeIO Ven I

3 ccva _0 _~ BaoI _0 _ m 4 _0 Baesu X0 _ _ es _
so Dowd& so DOW" so Sa so sol S i ISO i*0

- - SchvOu 200 ,oWd obO BooDc 200 us 903oa -0

TOTAL 00 1 * 62
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SUL"2 1.1 2148.12 2146,2 446.12 2 .12- 2"L 2148.1 "44.70 2647834.8 6647 244.7 main siai. 2maJo arnie awl. awms

0 *3 0 * 00 0 0 0 0 0 0 010A*t~ 444.77644.3 04I 010 0 0 0 0 0 0 0 0 * * * 

MXVMO "OR w ... 1410*61 1417M*8 417.01 1481 44 0*6 u4 1466.6 us1* t425 141.8 t488.10 "mm* SW= 1446.18 14a.1 1470.3 1,470AS,UW2O1411 14880 7451* 14884 1465,17 1466. 1466.4 1412ft 1460.1 1444. 1448.8 1466.8 1460* 14sm?1 14668 14o4667 470*8 2466422 400A4 1440.4 146A.0 140 46 14 14A 6 14 1448A #466.0 14464 1460.4 Id664 146A6 146641 Uee 146.4 t446o42 1M463 "4OA
1 -MA0 0 * 146A 1400* 146A4 1,46648'14* 464 46016 140A If460468AS Id 1466.4 146A.4 1446.4 1464 14654 14654 1466-MA*'M 143A* 142AI 148AI 141044 1464 14 14 146A644S UW484 6. 14 14,164W4 14OL 166 14 144G6.42 142MM 1426.4 3148 0 0

*4 1106448 "NA44 11648124. 1 116446SI 116AW MC"W 1L44611644811 "MA4= 1=461441 4 1164A6 t16 11114.4611644 286.46
16va 464* 146A 1464A1 40644 1464*4 1464* 1464* 14644 164w4 VA6IL" wsWL "Sam w * 146.4 146644 U46.4 1464.4 1MU.M1020,04 44.7 mm.8 701.18 467. 0 0 0a 0 0 0 0 0a".8 118.7 620 1*.6 1it"8 12814 12102 0 0 0 00 0 0 0 0 0 0WVA44 13.2 1766 110.6 11 a. " 126.0 1L74 126604 6 0 0 1) 0 0 0 0 0

~~ 1188.88 1108.91 80.7 667.18 966.7 118614 1118.8 181146 tg66.t to&" 8* 43042 11 NAM088 04 m7 106*4 146I 1246 6

0 0 0 0 0 0 0 0 0 0 07 00 ~~~ : : : :~~~~~~~~~M 47A 8S 8OI 0L4 70 0U a 6 0 0
PACOWN 0 0 0 0 0 0 0 0 0 a0 0 0- 0a 

* \ 463.0 463.08 406701 43 48 483.08 483.06 UM 4oi.8 487. 49M=8 483.08 48.0 4678*403. 457818 46768407618 76* 428084818.084m 4678*4ft807* 4878.0 463.0 483.0 4011L*84878.0 4WIL*8 40=87614W78.84878.84678.04 * 47040 430M 46750

78.0 0m 0am 0 0 0 0 0 0 a 0 0 0 0
1.6 08 .8 0 000 0 0 0n 0 0 0 0 0 0 0 0

0 0a .8 0 0a 
189040 WA41S MU 07 mm0 mm 0 a 0 6 0 0 0 0 0 00ot 0A 06.14 0 0 0 0 0 0 0 0 0 0 0 0

66.2 1w.7 1.A a.1 4.8 4 5 67 61 54 .8 66 61 .6 46 47 4 18

* 0 0 ~ ~~ ~~ 0 a 40 *0 0 0 0 0 0 0 0 S 0 0 000 0 6 0 00 0 0 0 0 0 0 0 0 0 1 0 0 0 01

0 0 27*4m s650* 41641148 4884 488.64880 48. 4m 4 4256.6 4654 46.7 66. 4426*84286.7 4868.1 40252.2 4162*~~ 0 0 ~~~~ 0 0 0 0 0 0 0 0 01"M66.01 23*1414m68*4363.74656.4Ma
0 0 0 0 0 0 1818.2 1618.1 33.26 4416.4 44680 46 44 4466.48A 40R8* 44668 46 44 4444 ~46 444.40 0 00 0 0 0 a 0 0 0 a 0 0 40 0 0 0__ 0 0 0 ~~ ~~ ~~~~~0 0 5.1 161.16 13Ku1 178.6 423.04 MA4 Sa5.8 11a"7 8188 OM2 f'W.7 3018.7 am8___ 0 0 0 0 0 0 7.86 10.07 a 746 7.67 76 7.60 27*6 7.28 am0 14. 16.U on".0

0 0 0 0 ~ ~~ ~ ~~ 0 0 0 0 0 D 0 0 0 a 0 a 0* M.~ 8661W 84065536450 4244.72a 3666.4 66751.6 07046.28666.6 06088 13.0 166658 4026.7 4015* 4MM6 41160* 41718.642 m7 iff65*8



TA8Is-W BIUwayounwUTVPtAmrYa3W)PoAUmEmmUFOFWMA1QO8IEANO0

'KVD 146.2 2446.12 2446.12 2446.12 2448.12 2448.12 244812 268478 265.70 264.76 2664.78 2684.78 2684.70 2684.78 2684.76 268478 3167.1 3187.1V'i60S'M 0 0 0 0 0 0 0 0 0 0 0 o0 0 0 0 0 0 0'0Mmt- 070 461.00 0 0 0 0 a 0 0 0 0 0 0 a 0 0 00VMW480.410 200.4 160.17 0 0 0 a & a _ _ _ _ _ _ _ _ _ _ _ _ _ 4 _ 4 _ _ _ _ _ _ _ _ _ _ a _ _ _ _ _a _ _ _ _ 0 0 0 0a 0 0 0
ZKM W GIL8 MA a 0mm 140264 403.7 0 0 0 0 0 0 0 0 0 a 0W Stl 108.2 067.7 700.0 MAI 706. 1463.12 -40.2 46 146 1462 14 1404.86 141862 1430.10 143400 1443.4 1441.13 1447.8 141.73 1470._WWWO6~1 117SA* 1101.4 870.0 00.8 003L7 1400.0 140.4 147.0 1460.1 1442.6 144.2 140.0 1400. 1400.1 140* 1446.5 147.0 1460.3'.M 14* 1200.6 1046.72 1166.2 1203.27 40 14 1400.48 1404AS 6 14 1460.4 1460A4 14046 1400.4 14M0A 14014 1400.43 140L.4 14684<MAW'M 0 0 I13214 1086.2 1407.8 1M4014 1483.4 14004 1460.4 143040 1400.43 14004 140041 14604 1440.4 UOU40 1400.43 146043P"Afe 1070 1268.0 1147.00 1250 101143 143.4 140044 14304 143044 1430.4 1430.4 140.4 14302 1400.44 14O.4 843.4 0 0SU" 00. 1010.7 1237.6 MUS I5 131.8 14864 143044 1430.4 1430.44 14A.4 4409.44 "At04 1430.A2 1430.4 840.4 4 14 1 400.4 0NOAAW t 166.30 1363.1 133.0 "M0M2 10704 100440 130443 130640 10044 1306 10044 13064 13t4" 10064 13046 1304 10g64 30640%IMAIM' 1070 101A4 106" 1008.0 141.3 1444 146444 1484.4 14564444 1464. 184 14 1484MAO 1454 146.4 14644 145 14644 14644
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BULGARIA: DEMAND - CAPACITY BALANCE
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Fig- 5.4

BULGARIA: DEMAND - CAPACTY BALANCE
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Fig- 5.6

BULGARIA DEMAND - CAPACITY BALANCE
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TAME-SM, TOTALYMTMOMOSTGI~NSWOPTOp
LW OED -MEOWM

USM

YEAR NUCLEAR FME OEM CAPIAL. DOS TOTAL. PY-UC YEAROMxL NULA FUE 0846 CAPIAL. 14 TOTAL PY

100 23.1 463.0 2200*8 C 13.067440 1654* 1654 115 0NA0 436.7 140 5no 2.1 67ay7 Ml6.$
10s" 16.30 4060. 254.0 78A* 76.4 3112M 2066.74 166 10.0447.63663 MM5* 1.6 641* 686.7
uss n1a' 641.66 264.7 Oi 457.73 *MM6 1661.1 1"a 07.6 4"6L6 16.4 16.1 OA4 1011.215 63L78
1006 11.70 606L" 00376 MM.6 61.7 366." 181.0 1IM 07.6 417A7 11.4 MM.0 1*7T 1010* 319M,
108 11.70 a76." 16M0 51.10 25.6 111.4 mu.7 165 117.80 601* 190*6 171.4 31.6 11103 766.
1006 0.00 661."4 1743 10700 40.7* 1010.6 647.4 156 60.0 61i.6 MA.6 Iwo 65.7 041.6 MM.6
108 0.00 60.4 1741 16.00 16.6 01671 616.7 1656 650 ML"9 101.6 860 16*1 MM.6 4767
no0 0.00 808.06 151.1 750 SI.71 1051.77 6667 OM0 3.0 61.6 UM1 146.1 43.6 66.8 451.6
2001 0.00 60.22 187.65 18.60 481 1066.0 606.01 2ml 10.00 MM.6 34.1 14MG 61 WA1.1 43507
2002 0.00 604.0 ML"6 171.6 ELm 1164.0 601 10011 76.0 MM.1 20014 10.6 OM.6 106.6 415.7
200 0.00 611.3 MM.8 102.4 mu.6 151* 47.6 6003 3.0 636.74 35.* 1W7.6 81.07 66M6 156.6
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1008 0.00 607.0 106.7* 31.1 17.01 0132.62 16M6 100 10.0 416.9 34.66 ?0.10 136 66ac M7M
2006 0.W00 17.56101.46 60.6 16.13 1440.14 4180 6006 3.00 63.85 MM.6 117.60 16.6 1016.0 164A
1007 0.00 616.04 8006.1 667.3 1827 166.5 410.6 gm0 10.0 83.1 141.66 434.1 16 165.0 01.6
2008 0.00 631.6 314A47 418.6 .,47 110.1 103. am6 10.00 641*6 36. 4160 an.6 11864 10.1
2000 0.00 631.47 140.3 6.0 15.78 106.0 257.6 10o 10.0 6wig.11 14.6 177* 16.7 106S.16 306
2010 0.00 895.78 76L60 0.00 21.66 6927 166.4 1010 a.0 am3 100.0 0.0am 86.1 010.0 161

TOTA 74.70 l037.1 637.07 6666.8 *144.6 14660.141130* TOTAL 678. 00264.7SO160 SU 6624363 171604 66*

YEAR NUM.EAR FUEzL OEA CAPITAL ENS TOTAL PY YEAR NtUCLER FUL OEM CAPITAL. ENS TOTAL PV

10o3 47.60 300A43131.06 16.10 0.01 410.0 406.0 16 60.0 316.13 116.7 18.10 0.0 611.6 6116"
1004 84.30 313w41 144.01 16 107 655.0 605.6 1104 76.011.41 61.10IOI 74.1 am0 60.63 665.1
1008 62.M 334.0 140.1 168.0 1.6 744.7 016,46 16s6 66.16 a4." 1S6 1M.6 a.0 74l.1 610.19
1090 111.80 364.9 166.5 19.2 16.60 06.4 M11M 1666 110.0 WA*0 163 16.4 10.66 10.7 761.1
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2000 13.60 416. 117.68 65* 10.02 865.66 444.10 100 17*5 6304 22.00 151* 66.6 1021.60 80.14
2001 13.6 400.7 23.1 64.6 16.66 80.2 661 am0 17.6 617. 1004 10.6 6am1 10o5.0 461.66
2002 78.60 604.70 920.10 10.1 10.6 637.6 66. 1001 61.1 31*1 217.64 11.4 1.7 076.8 412.6
200 10.0 614.06 238.60 16.1 IS3 613S6 61*A gm am0 MM04 an"0 66.2 41*4 863.66 040.6
2004 20.00 610.6 MM.3 06.60 18.A 62.1 9M.0 1004 3.00 616*7 35.1 16.10 175 616.61 18L7
1008 100 625.8 MM.0 40761 16.25 64.6 270.70 200 10.0 616.44 10.9 6S.ID 6*G 11*6 29.u
20m 20.00 831.61 261* 117.00 17.60 92.1 am.1 1066 1.0 MA 5.18 23.16 63.6 25.0 1141.1 190*
2007 10.00 64808 266.60 273.70 10 1086.7 106.73 100 15.0 664.0 2117.6 63.7 44.62 1366.12 *5.4
2008 20.00 862.6 14.6 32.83 10.6 108.10 36.0 OSM 10.0 041*643.64 426.00 68.6 1296.4 106.16
2000 20.00 66.0 253740 16.03 10.6M 044 2 000a 10.0 666.12 154.60 M 17* .7 1066.16 35.6
2010 20.0 60.2 273.11 0.00 106 01066 18A0 2010 10.00 S63n 2910.00 0.00 66.16 010ow 181*o

TOTA 7064 $6836. 3771. 1178.0 M90U 16660. "401 TOTAL 014M206640 703.8 360.70 N00W 17150.6 600411A

YEAR NUCI.EARt FUEL OEM CAPITAL ENS TOTAL PV VEAR HUMOER FUEL OEM CAAPffAL ENS TOTAL PV
100 &6.0 *16.11 16 11 11.60LS 0.0 61AS4 81143 im 86.66318.13 11.0 160 001 68.866*

190 631 1.411.0 1.0 10 605 666613 6.0 11634111.10 36. 1.0 634.73 666.1

100 128.10 348.03 117.8 66.70 3.0 673.1 666.6 lo6 110.0 346.0 137.66 300 6.0 700AD 57.0
1906 160.00 387.40 163.12 190.9 16.6 000.1 076.1 1696 168.0 66" 184. 644 10.6 716.7* 677.6
100 160.0 360.83 166.64 17370 16.11 0751 66.7 160 10.00 364.60 166.14 71.10 16.14 710,*5 401.65
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200 46.6 4681 165 74.1 66.6 613M 43.6 200 00M0 413.14 11266 638021g 72L MA.6
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2006 40.00 468.8 212A6 1*4.6 18.1 016.1 266.41 2006 66.6 407.16 91110 2006 16.6 1061.1 31.8
100 40.00 476.3 218.00 166 16.06 1000.6 18.6 1007 m 6.1067.1*916.0" 348.10 2401 1160.6 10.3
200 40.00 488.4 MM.3 63240 28.01 1005.16 181.6 200 68.6 618 30.7 166.8 41.18 1070.25 MM.3
1009 40.00 60.8 212.11 105.70 18.0 070.0 111.11 280 60.6 60.0 131*5 60 17*5 661*5 10.7
2010 40.00 816.6 251.23 0.00 57.34 647.40 15.0 1010 66.6 110.11 3470 OM 36M 670.34 17T1
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TAULE.&607 TOtALwtE0QO6AWUU'vN m4
LOADFOREOM-MAXUU

SCENW4 Oam I _ .. ,. _ ___

t NWUEM ARJEL OM CMAL ENS TOTAL PV YEM NUOtA FUEL 08A "AAL ES TOTAL PV

10IS W0 47S0 2080.2 1.0 67480 1A41 162.1 19 0,0 408.71 148.00 0 .Z13 870.3 705
1014 1IS0 467.14 204 1016.70 7247 W.54 920 104 000 447.6 160 27.40 2 071. 80
IS1 11.70 402.0 16.0 12. 487.7s 22.0 1018.2 t 87. 40. 18.1 460 6U4 112S0 M.O

1l6 11.74 411At 100.2 02 810 1877.10 14109 1066 07M5 48.13 214.11 82.80 6.7 116. 801.26

100 11.70 48867 17.18 40z0o 41.14 11026s 704.00 1W7 ts7.60 600.68 208.26 78.10 29.40 14. 8684
16 0.00 4074S 18Z,60 28070 37.0 "a" g16.52 10 a00 67 2000 40 218 116.2 7001
1090 0.00 61750 106.65 10.90 19.2 86St 4878 10 050 571.91 202.0 1880 00.2 105658 60s0.6
2go0 0.00 6402 210.10 185.20 .4 S07 801.5 2000 20.0 68o 00 S 4a.77 i161 40.1 10866so 8
20a0 0.0 6MO 214.1S 160.00 1.76 *67.0 440.7 3001 20.00 WM0 2046 2S5 2842 10.8 610.27
2002 M0 620.38 311.01 2100 266 s60.4 47J25 2002 50 SU. 46.64 114 2U.0 1 . 448.2
a000 0.00 606 20 3 182.20 21.70 28.6 0W.00 2a00 20.00 612. 262.6 6.20 06.8 0S4 07.04
2" oa0 68 314.40 07.0 25.0 8.4 0076 34 s200 SO6. 288A 7100 10.0 0n.84 0W7.47
2005 0oa 7 2.00 18s510 4 95t2 513.0 05 20.00 07.7 404 1.70 eat3 1145.17 08t8
2aao 0.00 540.a 215.88 8 17.66 11607 00m00 2006 300 606 2. 0 000 1420.0 410.0
207 00 549.90 2318.0 5170 18.8 1002.O 2 2007 20oo 611.4 270.07 62% A2.00 160.60 412.8
2008 0.00 66S.59 2242 488.10 35 1240 207.70 2008 20.0 815.84 ff7.6 4.10 S0.48 138004 01.00
2000 0O0 674W87 22 177.80 20.4 SO.O 2317.A4 3000 3.o 812 S.4 01.4 177.80 1O 27.8 1106 347.D
20o 0.00 691.62 340.3 0.00 00I1M860.0 168 010 20.00 010 0 0.00 01s0 0.74 10.01
TOTA 74.70 ss0 ss$60 84 641.00 2746.06 22452 1261.7 TOTAL 078.00 1010S. 4264695.00685.17 3020.21 0747.78

SCENARO 2 SCENWO S

ARNULELAR FUEL O& CAPITAL ENS TOTAL PW/ WMR NUCLA FUIEL O CAPfITAL EN8 TOTAL PV

1S00 47.0 07.78 120.6 2340 0.08 6750 570 10 S0O. 018.101 11.70 16.o 0o0 600.0 509.
100 84.0 084. 140.87 110AO 2.2 64 630.01 1094 78.O S32.3 102. 01.00 2. 627.A 670o.
106 6M80 4068 14,46 370.80 .06 87.07 741.87 106 08.10 048. 107.6 38OO 0.00 s87.9 682
lo8 110.0 486 172. 661.00 20.78 1304.09 070.8 1S6 130 0.2 16674 681.30 20.0 1268456 040.6
1097 1.86 406 181.12 56420 22.4 134522 18.60 1997 160.00 4003 10.42 6620 10.4 120860 880.8

8 87.60 66S07 20092 . 24.10 180.U2 73886 t 65.00 807 3002 044A0 31 17.A2 74.S6O
1o9w 40.90 671.01 28.10 185i70 00.82 1o00L04 68O 100 46.S 671A1 23M 186.70 0oa2 10S.O4 001.78
2000 288 688.03 8.77 161.80 4019 6IO.4 4.26 20eo 27.60 6s.0s 246.77 161.80 40.19 0 100. 8816
a0 28.8 192. 240.5 2060 2842 1007.6 612.4 2001 27.60 620 840S6 206.0 232 1101.01 80.77
300 78.80 598.71 24584 11S0.O 2880 1060.64 440.2 2002 82.60 6.71 244 11$.40 30O 1064.84 461.09
20 2090 012.0 262.S8 60.0 00.48 0. 078.04 2000 20.0 620 252.6 693 5. 060.4 978.04

M4 20.0 60 364 71.00 10M 062.84O S0A7.47 20A.0 66 26846 71.0 0S. S024 074W
3005 2L0.O 607.8 2640 19076 S021 114S,17 064.8 2005 20.o 60.78 260A. 1470 6021 1148.17 086.8
20 20.0O e6016 28726 0280 00 1426.1 4104.0 2006 20.0 606. 2872 602.80 .s8o1 142601 410.0
207 2.00 011.A0 270.07 62S0 4Z00 1660.8 412.8 2007 20.00 11.A8 270.07 esO 4200 1560O. 412.8
200 M00 615.84 37.72 4091o 00A.4 1S0.s 601.12 200 20.0 616.4 377*t 400.10 00A.8 108.4 00.00
200 20.00 812.45 a01.44 177.80 27.62 11s.6 2347. 20e 20.00 612.4 001.4 170 27.A8 1A. 847.0S
2010 20.00 6O1.O7 006.4 00 g3t1 s06.74 10A01 3010 20.00 e01.07 336.54 00 GU1S 600.74 166.O1

TOTA 70S60 620.8 41041 45000 46ZQ0 10060 S71. TOTAL 14.30 9617.09 4118.0 46s0so 478.30610224 014808

22[MIW 4 8CEA34 0O 6

WAR NULEAR FUEL OM CAPITAL 90 TOTAL PV WAR NUCLEM FUEL 081 CAPTAL ENS TOTAL PV

1l0w S66o 91a19 116.70 12.00 o.1 512. 612.40 16086l 0 SLoo 08. 110.70 12.0 0.01 580.00 50.3
low4 .o 2034 132.10 6S0 2.09 5. 5S0S4 164 1 0 083 16s2o 4S.10 2.0 657.10 507.s
1066 126.1 548.09 1t7.66 160.0 0.00 76629 6402 1*66 100.00 048. 107a." S7.O s00 764S 0.7
1S6 10.000 07672 155.4 062.0 20.2 1075.6 07.05 100 165.0 074.87 156074 100.0 0A1 817.12 614.07
1097 10.OO 40020 1.2 5420 10.80 1071.80 781.92 107 0OOO 400.04 16 05 10.00 721 622.05
tss 77.60 407.6 187.87 121.0 21.76 00.8 5626 18 75.0 408 18 76.76 20.54 771.78 470.0

s9o 60 267 100 32.10 M2027 825. 48.s5 1WO 6 460.s 1788s 66 2042 77.20 430048
2000 40a. 60027 320.s 60.00 .6s 014.6 48046 200o e0.0 466 204 60. 4576 81. 4.00
3O00 408 537.04 20.65 110.20 070 068.62 44720 21 115O 460.1 20. 160.30 20.74 54 447.6
3002 0o 6"41 20.aS 1440 28.47 1078.08 4O6572 2002 60.00 476.S 206.6 26 6 108167 4604
S009 400 56s81 327.2 160.80 81.20 1007.41 068.4 2000 87.50 400.4 2118 8774 08. 1187.12 457.9
30 40.0 870.4 2.20 14.20 21s 678 60.42 200q4 OM 601.01 20.2 568.40 2.1 11S840 400.92
2006 40.0 670.7 2.85 1800 05.92 10688.2 0060 200K 00 AS6 2870 240.O 3A44 1o00.0 040.88
2000 40.0 S64 20.74 014A. 21.41 1108.10 46.0 200e 8a8 67P.0 228.78 800 20.3 120687 040.0
30 40.0 s002 280 488.t00 SU 10.48 1s6.62 2007 66 0.31 2.41 S90 1s7 12606 087.a
200 40.00 WA7.8 9365 400.00 044 1404.15 0s014 2005 60.8 6000 283 80so 25.17 1011.79 814.a
soo 40.0 67.6 26s.0 177.SO 87.7e 1001.99 27.S6 2000 60.0 81.01 3. 17.60 07.09 011442 242.3
2010 40. s640 28014 0.00 40.7 04"0 187.2 2010 e08 677 2881 o0o 46.01 068.0 101.S2

TOTA 121.40 00so368 s1.19 9001.90 487.7 175564 818.4 TOTAL 68680 80. 06S6 s510 42A2 172V6 777000
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- Rapid start-up ch tstics; a cold strt takes less two hours whilo a hot start takes
less tha thity minu;

- Low instllation cost;

- Cooling water reqirements are less - by about half - compared to fossil-ful-fired steam
plants;

- High availability and reliability;

- Lower erection/commissioning periods.

4. Beca of the limit scope of the sudy, the gas turbin capacies wet estimae by
proati the parameters of standad gas tubih t reovery steam generao nfgurion. Thefo,
the term Esdmat Capacides was used rather a calculad capacities". But for the purposes of ftis
study which entails th broad examination (birds-eye view) of several gnesaion scenarios, this proting
method is nt expected to contbute sufficiet inaccuces which may skw the outcome of the study.

S. Mad= EwXnu AzIgtPoental was determind by assuming that ny pln t is
currently listed as operating and uss or has the potenti to use natura gas as foal could be converted
to gas trbine repowering. It wa byond the scope of ftis stWdy to examie each one of these plants In
detail, that is perform pro-feasibiity studies, to Identify reaistic candidates in the true tcnic and
economic sense. Therefore, this maximum potenal should be considered as a flrst step in idenifyng
oppornties for repowering and the estimated maximum potenti may not be reaizable. This poin has
been made very clear in the main body of the t (pge 29).

Re%own Design PZamet

6. Some of the p and detais tat have a ntor inuence in detemning whether
or not to repower an existig cogenr facility we the following:

-ISdliof y These could be district heating facities with or without ability to
produce steam for industrial purposes with back pressw and/or condensing stem
turbines; exist steam plants in refineries, pe e/chemic plants, metallurgical
plan such as Kremitovski fertlizer plants, etc. - In ie distict heing plt cat y,
there are sever un at Sofia, Ksov, Plovdiv, Shmen, tc. which offer the potenial
for repowering and it is anticpated that the coninued us. of these units i esnal for
heat supply to the pputionw Durig the rr politic ad conomic transition, it has
been noted that severa industra plas in Bulgari inaluding the Burgas refiey, are
operating at reduced utilization factors, becauso of lack of feed stock and the need for
capital for rehabiltation and Studies need to be done to confim that
these plants are viable. Therefo, the design basis for repowring cogeneration plan
in these industi plants sod be based oan the long term economic and industrial
developmeal needs of the country. While developng this desi bas such factr swu
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as end user efficiency (especially thermal energy) improvements and associated costs need
to be introduced, while performing a detailed optimization study.

- Age of existing facility - Initial examination of data indicate that many units in the above
facilities could undergo life extension through rehabilitation and such life extension
would let the plant operate at least another twenty years. The life extension costs would
only apply to such systems as overhauling steam turbines and introduction of modem
instrument and controls.

- Fuel Availabilty and Price - Natural gas Is the desired fuel and its availability and the
security of supply Is addressed in other parts of this report.

-Electric Energy Price - The price paid for electric power by the utility is sufficient to
justify repowering.

- Ratio of Electric to Thermal Power - A detailed profile of current and future thermal
energy demand is necessary for optimizing electrical power generation.

- j ~ite limitations - Generally, required floor area for repowering Is small. A typical GE
PG-7111EA gas turbine package with heat recovery steam generator, deaerator, feed
pump will require approximately 103 feet by 230 feet floor area. A typical Westinghouse
two WSOID combined cycle unit including steam turbine requires a site area of
approximately 220 ftX 380 ft floor area.

RMdU= and Licensing ri -

Caital cost for repowering i.e. capital costs associated with installation of gas turbines,
hea recovery steam generators, life exension costs associated with existing steam
turbine systems and other associated ancillary systems. U.S. experience indicates capital
costs for repowering based on additional incremental capacit in the broad range of
US$300/KW to US$500/KW. The estimated capital costs for this study are within this
range. The values used are closer to the higher end of this cost range,

- Financial factors (mterest rates. payment term. etc.) -

RZepowffrgEamples

7. The following examples demonstrate this repowering concept applied to the exing
district heating facilities at Shumen, Sofia and the existng cogeneration facility at the Burgas refinery.
These examples are not pre-feasibi}ity studies as such studies require plant audits thorough site visits and
examination of other pertinent data and establishment of design bases, including economic evaluation
factors. Selection of type and number of gas turbines and heat recovery steam generators are all functions
of these and the above factors and, therefore, the type and number of gas turbines selected in the
following examples are for purposes of demonstraon of the concept of repowering. In addition, gas
turbines were selected, based on approximate matching of the existing rated steam turbine inlet
conditions.
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ExamDle 1 - Shumen District Heatnt Plant

8. There are three instaled steam turbin units in this plant. Each unit was matched with
a gas turbine and heat recovery steam genator consistent with the rated conditions of the existing steam
turbine units. See attached Table 6.2 and simplified heat balnces (Figures 6.2.1, 6.2.2, 6.2.3) for
technical information. Simple economic analyses were carried out, assuming several operating scenarios
(number of hours of full load operation) and results are shown for ten and twenty year pay back periods.
The costs do not include operating and maintenance costs exclusive of fuel costs. Calculated electricity
rates are for increased electric generatng capacity. The reslts show that for all three operating scenarios
the repowering option presents itself as an attractive alternative.

Examle 2 - BurM s Refinery Cogeneaion Plant

9. Methodologyused is same as above. See a£ached Table 6.3 and Figures 6.3.1 and 6.3.2
for technical and economic parameters. It is anticipated that tis refinery will be modernized and is
expected to operate at least 6,000 hours per year. In addition, this complex is expected to supply the
repowered plant a portion or all of the fuel which is produced as a byproduct. After revamping of this
refinery, it may be anticipated that at least two of the exsting four turbine units will be in operation.
The conclusions are similar to the above Example 1.

Example 3 - Sofia District Heating Plant

10. There are two turbine units in this plant that offer the potential for repowering. The
attached Table 6.4 and heat balances shown in Figures 6.4.1 and 6.4.2 indicate conclusions similar to
those dissed above.

CMarijson between EBstimated and Calculated QqAgacti for the above exles

H1. Table 6.1 below shows the comparison betweethe esimated capacities used for the study
and calculated capacities for the above examples. The comparison shows that the differences between
the two methods is within the margin of accuracy needed for this study.

Table 6.1

Estmated Capacity Calculated Capaciy
Plbt Name, Unit (MW)1 (MW) 2

Shume. unit 1 54 53

Shumen Unit 2 63 66

Sham. Unit 3 464

Burgas Units 1 & 2 (each) 295 299

Burs Units 3 & 4 (each) 253 246

SofiaUait6 243 256

Sofia Unit 146 154
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